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Welcome Notes 


Welcome to the KnowledgeTek SCSI Nuts and Bolts seminar. 


KnowledgeTek was founded in December, 1995 to combine the technical training resources of 
two established companies, M5 Electronics and Zadian Technologies. KnowledgeTek offers 
both public and in-house courses on a large range of storage and interface technology subjects. 


Consulting services are offered through our affiliate company, M5 Electronics. 
For more information, please contact: 


KnowledgeTek, public classes 
Phone 303-465-1800 
Fax 303-426-1350 

KnowledgeTek, in-house classes 
Phone 408-937-7200 
Fax 408-937-7272 

M5 Electronics 
Phone 303-499-0976 
Fax 303-499-0977 
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Copyright 


Copyright © 1996 KnowledgeTek 


All rights reserved. No part of this document may be reproduced, stored in a 
retrieval system, or transmitted, in any form or by any means, electronic, 


mechanical, photocopying, recording, or otherwise, without written permission from 
Knowledge Tek 
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Disclaimer 


This material is not a specification for SCSI or any other system. 


KnowledgeTek makes no warranty and assumes no liability arising out of the 
application or use of any product, hardware, software, system, circuit, or anything 
else described herein. 


KnowledgeTek assumes no responsibility for errors appearing in this document. 


KnowledgeTek assumes no responsibility for any claims that the concepts or details 
discussed in the seminar, or disclosed in the course materials, are proprietary to any 
person or company. 


Company, brand, product, trade, and other names used in this document are 
trademarks of their respective holders. 


seminar participants are urged to clear any designs proposed for products with their 
patent and copyright council. 
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Conventions Used in This Book 


[|S Process tid Target SCSI ID 
<> ___Decision MSB Most Significant Bit 
——-+» Flow LSB Least Significant Bit 
‘______ 4 Optional Process H/A Host Adapter 
Sores => Optional Flow LU Logical Unit 

V.U. Vendor Unique LUN Logical Unit Number 

xxh Hexadecimal Value ? Don't Care 

xb Binary Value ms Millisecond 

M Mandatory US Microsecond 

O Optional ns Nanosecond 

lid Initiator SCSI ID 
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INTRODUCTION 
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Evolution of SCSI 


SCSI-3 
SCSI-2 Begun: 1991 
Approved: Not Yet 
SSH — ee = 25 standards, 
; Proved: est. 2500 pages 
Begun: ieee 1 standards pag 
seat a document, approx. Changes from SCSI-2 
eveianaaiery now Ragee - 1 new device type 
San unt Changes from SCSI-1 inhi 

6 device types - 4 new device types aida cascbanhc 
es “new commande - new features 


- new features - new requirements 
_ - new requirements - formal architecture 
- new physical interfaces 
and protocols 
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Overview of Non-SCSI mystam 


Host Computer 


Tape Printer ~° 
Controller Controller 


Disk Tape Printer Cylinder # 
Cable Cable Cable Head # 
Sector # 
Disk 
Host Computer Cable 
-» Device Dependent a e ; a 
ee sical aa Disk consisting of 


— Low-Level Commands 


— Physical Addressing n physical sectors 


Device 
->+ Simple Firmware 
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Overview of a SCSI System 


Logical Block Addressing 


Host Computer 


Host Adapter 
> Host Adapter 


Logical Block 
Address (LBA) 


SCSI Cable 


Disk Tape 
Controller 


Controller 


Host Computer Cable 
- generic software - high-level signals 

- high-level commands 
Device - logical block addressing 


- intelligent firmware 


Data space consisting 
of n logical blocks 
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Advantages of SCSI 


Interface with different device types through the same cable 

Peripheral devices of the same type have similar characteristics 
“* easy to replace old devices with new ones 

Peripheral devices are intelligent and independent 


«* frees up the computer to do other work 
I/O is independent of system bus 


“* peripheral devices can work with different computer types 
“* preserves computer hardware investment 

Fast hardware 
“* 20 MB/sec on 8 bit bus, 40 MB/sec on 16 bit bus 

Fast software 


“* multi-threading support using disconnect/reconnect and queueing 
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Standards 


Current Standards 


SCSI-1: ANSI X3.131-1986 
CCS: X319.2/85-52, 1986 
SCSI-2: = ANSI X3.131-1994 


Where to Get Documents 672-9950 


SCSI Bulletin Board System: (719) 574-6424- 
Anonymous FTP Site: ftp.symbios.com 
SCSI-1, CCS, and SCSI-2: 
American National Standards Institute 
1430 Broadway 
New York, NY 10018 
Alternate source for above documents plus SCSI-3 working documents: 
Global Engineering Documents 
15 Inverness Way East 
Englewood, CO 80112-5704 
Tel: (800) 854-7179 or (303) 792-2181 
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SCSI Devices 


SCSI Physical Interface 


Initiator Target Initiator Target 


Host Adapter Controller Host Adapter 


Logical Unit 


Logical Unit 


Controller 


ss #8 @ | Logical Unit 


@ SCSI Device is Initiator or Target @ Max 8 SCSI Devices (Narrow) 

@ initiator Originates Operation @ Max 16 SCSI Devices (Wide, 2-byte) 
(Usually Host Computer) @ Two Devices Communicating at a Time 

¢ Target Performs the Operation @ Target has Controller and Logical Units 
(Usually Peripheral Device) ‘ cc ' 

@ Logi nits 

@ Each Device has Unique SCSI ace | | a s) . 

Address (ID) “ 8 LU's max in SCSI-2, 64 LU S max in 
SCSI-3, per controller. Logical units are 
“ O- 7 (Narrow) numbered 0 - 7 or 0 - 63. 


“ O- 15 (Wide, 2-byte) 
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SCSI Devices 


(Continued) 


Host Adapter 


SCSI Bus 


Target Controller 


Vendor Unique 


OOODOOOOE 


LUN 0 is required Logical Units 


Lemelnaiaemeniel 
sega 


esapensomncetoienes 
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System Configurations 


Single Initiator, Single Target 


Target 
Initiator — | Controller Logical Unit 
Adapter ecs| 


BUS: Ve 


Target Logical Unit 


| ma Logical Unit 
_ SCSI 


a 
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System Configurations (continued) 


Single Initiator, Multiple Targets 


Logical Unit 


Target Logical Unit 


Controller Logical Unit 


Logical Unit 


matanen ovement 


Deer 
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System Configurations (continued) 


Multiple Initiators, Multiple Targets 
Target 


Controllerm™ 


Logical Unit 


Host 
Adapte 


Controllerg Logical Unit 


Host 


Logical Unit 


Logical Unit 
Logical Unit 


reeneres 
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System Configurations (continued) 


Multiple Buses 


Host Computer 


SCSI Bus SCSI Bus 


SCSI Devices SCSI Devices 
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Initiator Block Diagram 


Initiator 
Memory 
SCSI 
Host Adapter 


Targets 
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Target Block Diagram 


: SCSI Interface 


Buffer Memory 
Microprocessor 
Device Electronics + 


Logical 
Unit 
Target 
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Configuration 
(Not Required by SCSI Standard) 


@ SCSI Target Device Jumpers, Dip Switches, 
or software-selectable switches: 


SCSI Address 

Disk Wait Spin (no spin on power-up) 
Self-Test (action is vendor-unique) 

Parity Enable (described later) 

Supply Internal Termination (described later) 
Terminator Power (described later) 

¢ Unit Attention Disable (described later) 

@ SCSI Host Adapter Jumpers (or Dip rey 
SCSI Address 

Parity Enable 

Host bus address and interrupt mapping 
Self-Test 

Supply Internal Termination (described later) 
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o, 
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Disconnect/Reconnect Procedures 


Connect Initiator Selects a Target 
Disconnect Target Releases Control of the Bus 
Reconnect Target Reselects the Initiator to Resume 


Command Execution 


Note: Initiator gives permission for disconnect, target decides if and when 
(details described later). 


SN NET TERE TOS ET ETOH TESTED COTS Pe A ESOT! AAR CS en erp Pe PS PSP SA A RS SP STEP SP SS SSP SUPPER SSPE SSI ASTOR TPS ES PFE SSO AT AA 27 ETC NEE IY NEE PTOI EEA TITRA 
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Disconnect/Reconnect Procedures 


Example with No Disconnect 


Start First Command 
Complete First Command 


Read From Device 2 


Start Second Command 
Complete Second Command 


f+ 


Read From Device 3 


nocarebanane eenactrtenttnat tetera tee tnroee! 
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Disconnect/Reconnect Procedures 
Example With Disconnect 


Start First Command 
Disconnect 


Reconnect 
pwr First Command 


a 


Read From Device 2 


Start Second Command 
Disconnect 
Reconnect 
en Second Command 


Read From Device 3 
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Disconnect/Reconnect Procedures 


(Continued) 


Read Command 


YES Data Ready 
(No Seek Needed) 
No 
Target Disconnects 
Data Ready 
Target Reconnects 


Target Sends Data 


No 


Finish Command 
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Disconnect/Reconnect Procedures 


(Continued) 


All Data Received 


Target Reconnects 


More Data 


No 


| Finish Command 
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Bus Phases 
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Levels of SCSI Bus Activity 


coMMaNG 
LEVEL Command 


mnmeaweem wre 6 oo aS a —a_ Eee eel elle 


BUS SIGNAL 


Se ee a 
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Bus Phases 


Message Out 


Bus Free Arbitration Data In or 
Data Out 
Status 


Message In 
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Bus Phases (Continued) 


Reset or 


Protocol Error TB Message out 
: eg: 
- se 
Data Out 
C=} 
—r 


| 
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Bus Free Phase 


Bus Phase - Data Bus 


— 


@ Bus is idle 
@ Data Bus =0 
@ Terminators control the bus signals. 


KnowledgeTek Page 1-25 
5/14/96 -SNB/Rev B 


Arbitration Phase 


Bus Phase Data Bus 


L Arbitration | | Arbitrators ID's | 


Used to resolve contention over the bus 

Arbitrating devices put their SCSI ID's on the Data Bus 
Distributed Arbitration (no master or slave) 

Highest SCSI ID wins and gains control over the bus 


¢*¢¢ 6 ¢ 


ID priorities during arbitration: 
“ Highest 76543210 15 14 13 12 11 10 9 8 Lowest 
_ Losers back off 


o¢ ¢ 


ID's typically jumper selectable 
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Selection Phase 


Bus Phase | Data Bus 


| Selection | Initiator and Target D’s| 


@ Initiator selects a target 
@ Initiator puts Initiator and Target SCSI ID's on Data Bus 


Question: What happens if there is no target with that ID? 
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Reselection Phase 


Bus Phase Data Bus 


| Reselection | Initiator and Target ID’s 


@ Target re-selects an initiator 
@ Target puts Initiator and Target ID’s on Data Bus 


he AREY PEO E SEE SE STEPS ESA SRS AE HS HE SSS TS SE SS SESSA SESS Ef SS Sg PS I ST PE SSS SS 7S SSRI PCP SPP PS TS SES OTN PEP DO A AS TET MOE TTI 
| ameueemeaece ttneerpanemenemninattenatneyttetintntnd NetieniatiAGeGnneNiOn ay aucanenl ottemnamensl-nersniniouseeceentetnntnratniesnentitnannor Attest snes wsseeneenemssei-unensareenenetdi-tanseyameun-uuticwnst arusan/auneet ssseresererntententanintesiaeatss huss tnineeesteeesisss 4st nttyeprnstnhnenpransstesh gana nesbahssananenr-onthn mn tenenatanenaieennssestesnebepetasineanent Annrwentwr-ausmenbnsttrvatsu tsa rth acess tetnhRts teaser Arties APGrANEnnen Merete tne ORASASSAECASNGAAN SAI HAY 
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Connect and Reconnect 
Procedures Revisited 


@ Connect 


“- the generates a connect sequence in order to 
using the following sequence of bus phases: 


em 


@ Reconnect 


“ The generates a reconnect sequence in order to 
_ CC uSiNg the following sequence of bus phases: 


COC ce een 


seamen —inscterenaasenainetnaa dest te tienen eetdsaneeet arengrtantitgr Aonerramermadebasnamanteiedokdret erin: udtt—eb anmdteindenbersinehnitee a pesmntenruresernete gasp rnp SUE on etree users araench- brushes npr itech neT-PEb Amn NESE Naat ryrmeamwenenntiuapeaesbee inrnrhbnenee erahethnntsonabbnd! oipensesttrtcmpeihisnnninpunaaanutitibe imamate ausheanrinncbichriirsaninptcentlnnr tan irennieiintn! 
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Information Transfer Phases 


Bus Phase Data Bus 


, ; CDB from Initiator 
| Command i 


(see next page) “ 


Data In 


PEOEG Green QR SE INGER OLS RRR BS ae gee AE Se 


ata 


ata from Initiator = |- 


He Os a Sa es ace cic ae a rs 


tatus from Target | 


RE ARE BES OS OGURA EM RE 2S ARBOR Se BAP REBT CEE, DC 


ata 


o 
BS 
a] 
EY 
it 
rar re eee cramer ” oer wh ae pn TR aca aae 
i Ea 38g : SEP ae AE ERTS SI AER oe APE PRE Gee 
a 
e 
2 
‘ 
$ 
See re ne ee eer ‘3 i : 4 
ee toate’? BOP URES SSS ip Ses f a AE # wa, EE 


essage from Target | 


SSE ERE OR REO SEE SE IS OER BRUISE TEE NNN ROR OIE SAE MUG ESE RE de 


Message from Initiator || 


Ese Me eS S SMR Oe TEES Beep RARER NEEM DEG E eek ag ee? 


veneer rans mart Aeaneg UPTO Wem weet nnd Ln Ase woman treet SRT cabernet ar Sune mapper? renee ~AAne h eee r e- a een iF Spores srenasthiounpsaeseprissenbabhe-bishaAnnshstutchensprnintd.nan reenter enn OLA PNN hLAOGRNANOISTAiAstnAnneerNetentanorntelnttenetre mn eRAtttl MARA SARA 
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Information Transfer Phases 


(Continued) 


@ CDB 


Command Descriptor Block 

Bytes describing the command to execute 
Prepared by the initiator and sent to the target 
Transferred during command phase 

@ In Versus Out (always from initiator's perspective) 


———In 
ae eee? 


@ Target Decides Information Transfer Phase - Initiator Follows 


>) 
“° 


®, 
“° 


@, 
“° 


¢, 
“° 
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Information Transfer Phases 
| (Continued) 
What Messages Are 


Meda Data Application 
Device Operating 
Electronics Status System 


7 Device Command Device 
Firmware Driver 
Messages 


Device Host 
Controller Adapter 


SCSI Bus 


tc RET RT ATR TCE FT, PEALE TA Se SS A A SY ARSE (PFET SSSFPE AR PRPS SS SSPE OT SPO PR ir i SER AS A SPS re CE RE PEEPS SEITE A 
-sstpmmeminamumanaerrnasanaeereaneetis immu tatienenner¢n—en tentative rrennunnnae-annentaniontriuninnimemsnnten uinjamsiane4nansis wet aineetest suamnnentnanaanyuinsecennneniitntti atthentautsanistieplan inestneuinesatG “lee antes es vesnen seminal eitenrwnntnntesetanny meintanndiiey spa speaetrvnnnrinsrar tet <inansoneansunn¢neunesa—entneannesire-sehnanesteaen urn ctatvneranrussrmnpnesietestettnstareantesnteatessmenesenssantan stsrumatteneagegantetnnreanstnetetnseonanseahnenstiveesesnusennsantereanasaeangutatetnetemrmes:-enieadintsneuntesahésinnststrunet.nitannnnbnaseenntn isin ahenttentn atettninnGerntannentetinete MMHNE Hermit 
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Bus Phase 


Bus Free 
Arbitration 
Selection 
Reselection 
Command 
Data In 

Data Out 
Status 
Message Out 


Message In 


Knowledge Tek 


Who Decides 
Bus Phase 


Terminators 
Arbitrators 
Initiator 
Target 
Target 
Target 
Target 
Target 
Target 
Target 


Data Bus 
Contents 


00h 

Arbitrating Device ID's 
Initiator and Target ID's 
Target and Initiator ID's 
CDB Byte 

Data In Byte 

Data Out Byte 

Status Byte 

Message Out Byte 
Message In Byte 


Summary of Bus Phases 


Who Supplies 
Data Bus 


Terminators 
Arbitrators 
Initiator 
Target 
Initiator 
Target 
Initiator 
Target 
Initiator 
Target 
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Nexus Levels 


Nexus: 
A relationship or connection between devices. 


IT Nexus: 
Nexus between initiator and target. 
Established with Selection phase. 


ITL Nexus: 


Nexus between initiator, target, and logical unit. 
Established with Identify message. 


ITLQ Nexus: 
A further level of I/O Process connection. 
Will be defined further in the Command Queueing 
portion of this class. 


CL TT ET TT TTT tte TTT A i SS SN TNO MOCGAEN nGRIA NANRAAAIRnwEAY at SUSIE AA 3 UHR RSE SSUEPSNG PTET ey minaret arth SEPT prs eg SS SSS SSP nh rh Ae HEA HARA NSAS SEEN i 
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Typical SCSI Phase Sequence 


Without Disconnect/Reconnect 


Bus Free 

Arbitration Arbitrators’ IDs 
| ——s«Selection =| unty ie 
| Target ID fe 


(see next’ page) 
: Identify (specifies LUN) {TL Nexus 
Message Out Optional in SCSI-1 
/O Process 

(see next page) | Command > | Command __{cps Bytes 
Data In/Out Data Bytes 
| -—s-« Status) Status Byte 

| MessageIn —s | MessageIn —s Command Complete 

| - -_BusFree Free 


Ce ammminmmnamaninned 
erect em A EL EE eA a IESE OETA ESSE ETA DE CPC SE DIE Ta SLI PETE A IE A AE SP A FO PEE IOSD TSIEN | 
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_— SCSI Phase Sequence 


(Continued) 
With Disconnect/Reconnect 

so Free 
[__—_freivatien ___ 
[____Selection __] Identify 
[___Message Out __| Identify = [Data 

“Command | [Status 

Message in___| Disconnect poston 

aes Rew | 
[_BusFree i 


SES TTT 2 EE SSRI ST EST TNA SeR STE MEMOS BN SR SSE aPC SS ES at Ph PS YS SSS SPE SS i SSS SS SS PES To TOT ET SS PAS A NNN AS AT TD 
isa atatamn mnbetan nba amaemeemeemncenmnae nebbat beheemeneemmmemnereerenrenenaronmetenciarenrmmrenemnenemnninentacamenememmioemradaanrenendeneanmnetbeeemesnesanmmeneareeeroesimemrtadieraretneeeremmmmerrnee err meaner tater ona mma engmmmnee rrrageaemcrT n  ee ene cer elee ooeeateremtal 


- KnowledgeTek | Page | 1. 36 


I/O Process Example 


Initiator 
ID 7 


[A 


@ The initiator issues command A to Device 4, command B to Device 2, and 
command C to Device 5. This creates 3 I/O Processes. 


@ In SCSI-3, the Initiator portion of an I/O process is called an Application Client 
and the target portion is called a Task. 


@ Initiators and Targets must remember the states of their I/O processes across 
disconnect. 


tte et ernie neni yim dtnttanae eieretnntntinintee—nteenttnr maegminer totter Honea teh grterermeewratferonneshraeueeasetetergeutshes enters endnsepaperoeetnenrtasnrouaeinatsse-enyrensnsntennaee:streranesnntuyesrer=vivshinenenpamerere nee e>prvewteruhr—-wewee suman anhaseerebnn psntinnsa ener iaiaes eee rt paren reetmrten eeeheanereettibtnesnrhshitthernenhnatinAtns nite-bi sytem nnoS months NPT tani STEIN LAAS ARDENT Ai AAG ii | notables beret Ahnhint anise 
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Data Bus 


287 ba 


@ 9 data signals: 
“* 8 for actual data 
“ 1 for parity 
@ Parity is odd when valid 
@ Data bits used for during Arbitration and Selection/ 
Reselection. 
@ Data bits used for during Information transfer phases. 


age 1-38 
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Data Bus (continued) 
Wide Bus 


Ez SE) 
| DB-15 DB-14; DB-13} DB-12} DB-11| DB-10} DB-9 | DBS | DB-P1 


@ 18 data signals: 


“* 16 for actual data 
“* 2 for parity (one per byte) 


t 
‘oe—eemmenttnmnenmiterennmensinttonmerte tbh SARC cerunTenr senate haemdrseranstasepirarenaatenage/tuntaetarmaneetnenyasensstsedeneshapatnamunwuarinshetntuneaneetenenattesininmtownten-tehtsteriasenisrnenntte-ipunentsatretanapnanpinahine.snsenebAd-uaenneaetnnstsenstnhenhsnsninasntaterutnssetesnya!aahsiwangtt-tAentsenteteeteteatedt-snnenninasannaseenenimnrennperspiessnanasseai mi-tsitnestenanonenananeties mahyreieemmnaieteaninitottrunrsnieitnan sipenesteqnaninreeentrenesorsintennsene/atmmamssensssinuninsenbeintuneininiennanenteiietesie aatsetheiet| Miaeynn- Hn enteRAsTinAtitltO-fettaerSNSeGGSSSGetS 
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Parity 


@ Used for detecting transmission errors. 


@ Mandatory in SCSI-2 and SCSI-3, but in practice may be disabled for 
some applications. 


@ Valid during Selection, Reselection, and Information Transfer Phases. 
@ Invalid (not driven) during Bus Free and Arbitration. 


@ Always odd when supported (total number of 1 bits, including parity, 
must be odd). | 


@ Sender generates parity and receiver checks it. 
@ Examples: 


DB (hex) DB (binary) DB-P 
OOh 0000 0000 1 
Oth 0000 0001 0 
15h 0001 0101 0 
22h 0010 0010 1 
FFh 1711 1111 1 


ee PP SA EE RSIS MLE AD PAE EAMES FE NS ESSA RES AER fre EPR DE ET PET PR PEAS ES ES TPP SE A tS RSET ESF AGRA SPSS PPS rr ACS SNRAA AEE vo ath 
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DB-7DB-6 DB-5 DB-4 - 


0 


— |O |O |— |O 


et teen re re dete FP 7S SS Pr SSS APPT A a PP TC NASER re SAP A ST TT ITE | 


KnowledgeTek 


0 


Oo j- [O jO |O 


0 


— (O ;O [OO ;O 


Data Bus 


Arbitration Examples 


(How SCSI ID is used during Arbitration) 


0 


—_— | |j-4 10 1O 


DB-3 DB-2DB-1 DB-0 


0 


— |— (© |O |O 


0 


— |O |O |O j= 


0 


© |O | |O [© 


1 


CO }O |O |O jO 


Hex Arbitrating Device(s) Winner 


01 0 0 
04 2 2 
gs0. 7 7 
12.014 CC“‘(‘CONOUUO(4 
58 3.4.6 6 
BC 2.3.4,5,7 : 
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Data Bus (continued) 
selection and Reselection Examples 
(How SCSI ID is used during Selection and Reselection) 


6 D 


DB-7 _—DB- B-5 DB-4 DB-3 DB-2 ODB- 
0 0 ) 0 0 0 1 1 03 0,1 
0 0 0 1 1 ) 0 0 18 3,4 
0 ) 1 1 ) ) ) 0) 30 4,5 
0 1 0 1 0 0 0 0 50 4,6 
0 1 1 0 0 0 0 0 60 5,6 
| 1 4 _0 0 0 0 0 0 CO 6,7 | 


@ Cannot distinguish initiator SCSI ID from target SCSI ID without 
examining the data bus during preceding Arbitration phase. 


@ During Selection, the initiator SCSI ID is the highest ID during the 
preceding Arbitration. 


@ During Reselection, the target SCSI ID is the highest ID during the 
preceding Arbitration 


A ED 1 LS A TS TE RRA RE ET AL SR 7 ESS PR Pr at P= he. PSUS 7 PSPSPS SSSA SS SS SS PSTN PSO OPP 
 serasanatenete euanerereuaniinetntnnniinettnrecieratttteie Atannteneenhetwn tot senators mevapinaayemeasemenavanseeraseneianee idnnstape/ainbtaintes ions-ineennveans neem meneoweiecnssntat -Atncnseseeritnsqneeteennannnenieantt:anutstentend eenennereetemneeeunaneeseerrent atisattitansenseeutacunenannevenstittrenevutfineumetacanbanerashentesnsiirsnpeietnenesinisatutnaettsansasennsesnts mmarmadniteesupgeernanantantnsnepasenrtesanedtennsenteannynienaeiitenteseanpetseiienhtjntin}ntetnrettennannnenerinustunaieniteent\iseanesehiAgunienaarpeeminetnbanennetacrtnanateReh stmrhinneMnthll MeERREY ttn anbe tater 
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Data Bus Worksheet 


0000=0h 0001=1h 0010=2h 0011=3h 0100=4h 0101=5h 0110=6h 0111=7h 
1000=8h 1001=9h 1010=Ah 1011=Bh 1100=Ch 1101=Dh 1110=Eh 1111=Fh 


—_ Bus Phase Data Bus 

= 76543210 | | 
Bus Free Pade sb eee se | 
Arbitration PT | Pt tf pepo. ID's=__ 
Selection | | | | J} {| | ps8] 4 | _tiid= tid=__ 
BusFree [| st} | | [Td PL ELT dT TU , 
Arbitration [IT | dT Td TdT TdT dpi [| ID's= 
Reselection | Y | | ty) {| | Polo] _jiid= tid= 
Bus Free Vee Pel dele |e 

Arbitration Ride Ae P 1 | || | C} 0 | ID's= 
Selection Pid dt yf pf epo. iid= tid= 


RE TET EP SP CP SP PPPS, ASSP ASAT SSFP 1SPIP=SSPIPUSSPSTAEY 2 FORE GS Py ETOP PE ASS TPE SRLS SSSR MSP SED PTIPET SPD SSSA ATT 
A omaanaanenrenauaretrretinatinnanentanaie etlrrversnsiamavearnensantrsitamre nasi rammineerreit-rr-etts rei sthiansas-runerwnesobnterihinitinueesndianernaesett sande matstersnntnebtehaetntratraty ton panodenaaaneuneaneranesiinattedeehenivttetatsnete cases sonnatnnpneteteteuneierutinnaeeensennanssnnasnteetsans.nsttenstinsensentassesorentensiuintinyrnsssisenntengnetusnessnimtesiseasnantoniniidnnunemaeahinanincnsestoesants hentattapaaneihhnGiwanspaiet mananeninntiventestenniarenmanatebteey lanspbitioweuabianinennteentaninttonayeaneannanteaenetnineumphiriinianeaninntagnrirssennareiannnitos uipenhinnnthetssietaniatueainrenttnnhsstintatisanaceneeen 
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This page is intentionally left blank. 


A AE ATTEN TAD A 2 ERS ERR tC eR PEEP A SEE RO AS = SPS SP RP =P SES PPP SS SP PE TP tA Et A Ay EMA OAT ME WARES 
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Status 


etirnrtaahtetatenrnenipesecomimatens ect wahesirta serene ftetnpemeneeteneratnyghenptreton fst wutatnnteteveanar ewlsram-emederbstennbtnsaptysaeriouinnenvusnat-shisnereresrenchirchiahemryacanaint shiokaaer 
‘ stemeserttenceaemenaeinamnasiomaimnanasaventn 2e-nanntrarenmctietunreniraressnssannaensnemannenhtdeinarenneestasanibettnuneyettanreruineynearnbiunennanninntetaananeutaunqnimederattentaitetirrmnbesenaneennnaee.eenenssnntateyauunenveneinnetaisesiateunaniernasssisenaenenicyeinnepssésnannenetnintesantenaatesspnennhanettsinatnssennentrisittstet-tewenrmnrtsrnutestinwemnstwusss.naenenaieeneapeennmnmnntvenneruatesatntinassneeimbtateenennneisesnameniesees| 
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Status Values 


GOOD - (Successful I/O Process) 


CHECK CONDITION 


04h 


08h 


10h 


14h 


18h 


22h 


28h 


30H 


KnowledgeTek 


ACA ACTIVE (SCSI-3) 


CONDITION MET/GOOD 


For SEARCH DATA and PREFETCH Commands (normally unused) 
BUSY 
Target is Busy, Retry Command Later 


INTERMEDIATE GOOD 

Linked Commands (described later) 

INTERMEDIATE CONDITION MET/GOOD 

Linked Commands (described later) 

RESERVATION CONFLICT 

Device or Area Reserved by Another Initiator (described later) 
COMMAND TERMINATED (SCSI-2) 

I/O PROCESS TERMINATED (SCSI-3) 

After Terminate I/O Process Message (described later) 

Error, Use REQUEST SENSE Command to oe Error Information 
QUEUE FULL (SCSI-2) 

TASK SET FULL (SCSI-3) 

For Tagged Queueing (described later) 
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Commands 


TY RT a A SSS (Set TORS m7 Sr Rp aI RP ANS SOP 
REP PRE ERE TESST AI TOIT ESS Oh En sO iGO) ROR i RPT P PERITECTIC MIOT 
‘on-—anaererannste nthenaiirtwinamntfanaaretertenets SeararuttrtessnArennsterrrsssstanneener—irrerirsaronrsansase-muenithsatmenrrenetnihanetreerpanantntatan vaeunnaunjntetstnaiuiestioensesetentmenmnteuyasaneeunsenasebateetentninindiverinadnantantanaaqnseyttepenaunneraanssstesassuniainenaneraspspunesssatsnnessaoststeeeesaennebadestnarpnpenneaniesteythsieuinaninendtetuwneset tent snnyhuesnyasennenibtessnnapiset-nenceatannenanesteetnsiiuntey tuuLtanntanignhetenternenstt-tete sumyunscuish uf sneupeidondenesstcaienbanh stsaetiehnesmewesietnaesenmvunaanesitigensenntostastanenrestanesnattiercensinisnenetsatan sunetinrantn| 

r 
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Command Sets 


Note: In the SCSI-2 standard, there is one clause for each of the device classes. 
In SCSI-3, there is a separate standard for each device class. 


Device Class _ SCSI-1 SCSI-2 SCSI-3 Description 


General X X X Most Devices 
Direct Access xX X X Disk, Diskette, ... 
Sequential Access X X X Tape 

Printer x xX X 

Processor X X X Computer 

Write Once xX xX X WORM 

CD xX xX CD-ROM, CD-R 
Scanner X X 

Optical Memory X X Erasable Optical 
Medium Changer X X Jukebox 
Communications xX xX Modem 
Controller Xx Disk Array 


TOE STATELY STEEN S68 ROR SSE TOA TE SRLS SRA SPT SA SS FSS SF SE SSS SSS Sy CT PNP PPA PEST SST SR SPS SSS BSS ESI A TI SEAS SS LTA OOS IEEE ST ITT PT TT 
arenes at eeeteRtNanT Santen CheRSCReTTSAI! Ot MIUORRER tS San—C— Ie SutEaRStmEanENINAOT Sungate eaeaantenét uiesuaee uneenrasats feasted nteuhee-ataeeNtSRSAOTSROAUr was etetAtiadl eet RSEnESDUatUFS=TS=af=nEnN enutenetetuetGsnidsnissasensntetneneseenenasstenevessesnaenasansanevamnsntsaaissirviannd¢teneeuseaatnanpeanew abriaseeetasnanananenewaenemnsanstebeene-snssyasamonunatesnasannesisateanuinesti{aniavtahranrn ‘heNiAanAanennreienNiNNnintAhAtGA Onin CRtAte Altes SO SE CANena SS RINPAste PSN WHORE! 
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Command Format 
CDB = Command Descriptor Block 


Bit 
— 


Operation Code What command 
: LUN Command Dependent © ae 
see next page 
2 Command Dependent 
N-2 | Command Dependent 
N - 1 Control Byte Used for Linking, 


N = Command Length 


Note: Reserved Fields Must Be Filled With 0 


eee eptenereneenteenatann stn mee mdnfeserenrent tit ement enraptured ewer emer arbcnne brn fear th any rae err TPT TU SETUPS PAD Leman Ens ereoumninrhachinuhowtonkhe! imtirtnineheonnhifsesanitenenhbeibhowhanahiimAet raketnshihsnrantenrharOAhAstanAenAARSS LEGG nett! 
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Command Format (continued) 


LUN Rules 
@ SCSI-1 3 Bit LUN, is normally supplied in the CDB 
@ SCSI-2 3 Bit LUN, is normally supplied in the Identify message 
@ SCSI-3 6 Bit LUN, must be supplied outside the CDB 


LUN field in the CDB is Reserved 


@ In SCSI-1 and SCSI-2, if the Identify message is sent, the LUN in the 
CDB is ignored. 


@ ASCSI-2 or SCSI-3 initiator must supply the LUN in the Identify 
message. 


@ ASCSI-1 initiator may supply the LUN in the CDB or in the Identify 
- message. | 


@ A target may accept either method of specifying the LUN. 


YOR RD RASPES OTN ETN rm Pere TTA rr SES AS A PPS PPO SEES SOAPS ASS MSE EPS ren Spe nh AS PPS OA SST PO EE SA I IT TT SE FS IT ELT EST BRE I TET 
sscerenemeane singnnarntterteerientrareewecueintae pean cat sndenpond tenheeseomperat te usennsrsnanasnannianieerseiersatranteinje nena eee son senespeasnets se sae-enandaotantanenesesruhineateananetetetr ny senesasnvenbantienans—pneunarastinae-atnesteegananentutsttnanppe-pesaeanutssanets-nnegnbtauensntnee napimmnsst -tenninetesswwrentesiteeneaer-tsssanvenntenennanansumnanenunreisnnaees-Linhnenenrare-ntimr.steeciihsguniainanttntseinAasetndernthntanttesiantinteans+}atAcn intents ssROheeunnessan SHARAN epee mA 
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Command Format (Continued) 
OP Code 


1 | 
Command Code 


@ Group Codes (Indicating CDB Length): 


@ First CDB Byte = Operation Code 


Group Code 


000 O 6-Byte Commands 
O01 1 10-Byte Commands 
010 2 10-Byte Commands 
011 3 Reserved 

100 4 16-byte (SCSI-3) 
101 =«5 12-Byte Commands 
110 6 Vendor Unique 
111 7 Vendor Unique 


(See Product Description Manual) 
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Command Format (continued) 
CDB Length Examples 


Op Code Group Code CDB Length 

Hex Binary — 

OOh 0000 0000 0 

12h 0001 0010 0 

O8h 0000 1000 0 

28h 0010 1000 1 10 
Bth 1011 0001 5 12 
FFh 1441 1111 7 ? 


Scena mmemeneemimmlemeeeeemeumnnaenenbenneniaeneremmneaneta cmtemensennemtenanememe cemmmearmaninmmnmeaatstaaeeneientietanse pemnemmmntlcnahienaeteetensenmmmectemntetememmstmememmae nea amemehae coameateonmaener meena emeaamammeinm ania eanan nrenantenamecanescameatenienem center anannneantime mememine ener aaematones aaa a ouecoen etna atntece ne aetna tceaaeeinneena nace man nacacipae ane ceemeencee nama arr atitane eae ateaeecane emanate agratiaacenten niches dmmeieadenanalittatatbamanteaemanmaaaiammameameaaaneneediaeieteinieriaialiiaieaisiataaciniahinensiiimiietdidnmuasdmanaiaaieel 
nasgnasriaenemncempeneneseennsaqnensngmnametutinsenatentinst pests 
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Command Format (continued) 
Control Byte 


@ Last CDB Byte - Control Byte 


atte 


@ Typically used for Linked Commands (described later) 
@ Normally filled with OOh 
@ NACA: (SCSI-3 only, described later) 


RE SD P e  SS  PrPsi s a SSSSES PSSPSSP sP SEP ASSDSS ss SE Sn rrr spss aS TS SASS Se PSSST, 
er ener rr et A A PCR PEP rs Pearce st ssnmeendinronarenquesene-n-srpeenerdemenronuneenduusessvamnthworirenenisinrhouenetomriut erected ese ersne~aaih ent eeSSSenb  enPSLON PPS, eanprnnnneanebeenannehwanvint Latercnrumnnbae! srutnnesnre-terseumus-imel enaeunpenbrehsteaananneerf werrorsreemaneanennws iinbtreeurenbentubtihuantarenhiwuhaaniuntnntntinhRueet! iahtltamnnntiatthantuhicpiouthetnaenunianr-niancuneefat 
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Test Unit Ready Command 
CDB Format 


Operation Code = 00h 


Reserved 


Reserved 
Reserved 


Control Byte 


@ Check if Device is Ready 
@ Ail Device Types 
@ Mandatory Command 


memes semamsareeremenp—rcaerncerter seam samen rmwngimmgmtestente Ci SRN” winners tnee treerente tr ro-enneneeo tte netrnese—n LOREEN 2 SOUT --oanerrsehaente eee Saanich etnies darren enn afanraraerescsnatenmnrreenee- ote eeesenenanintae rwrwenaett mettre mare inntheerrsrcesitnrher anne AAAS RI perce 
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Test Unit Ready Command 


(Continued) 


Bus Phases 


Bus Free 
Arbitration 
Selection 


Message Out 


Note: Command 
Nodataphase!” — Status 
Message In 
Bus Free 


i 
i 


| Identify 


Command 
Complete 


SPO NR PE SE RES A WP PCPS C-SPAN ESCA ECTS AA ARORA DANERDAR A PEAR OTT SA OSES EET SET EE TES TE ES TTT 
airmen ann aerate reenter sree rte Ne rE nr PSS Eph SNE aesnpcheenerserhe anny pn snorted ranntchhep ri neh camer ernie uasecmorartasarecssrentnt: hin nneedramaantaitctrptnrictiraene ni ehhh erannhadnenbtgehtnenbeermemph: VinbtktehthntvirbaSRAhicmhSLE Ny Ha CARA ieSHARAON 
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Inquiry 


KnowledgeTek 7 Page 2-11 


5/14/96 -SNB/Rev B 


nqeny Command 
CDB Format 


Bit 
= 


Operation Code = 12h 
LUN a 
; SCSI-3) | (SCSI-2 
Vital Page Code/OpCode ~ 
Reserved 


Allocation Length 


2 a eS 


Control Byte 


@ Mandatory Command 

@ EVPD = Enable Vital Product Data (normally not supported, filled with 0) 

@ CmdDt = Command Support data (Optional, see SPC, SCSI-3) 

@ Vital Page Code if EVPD = 1, or OP Code if CmdDT=1, else O's 

@ Allocation Length = Maximum Number of Data In Bytes Returned (see next page) 
Important Note: Data Should be Returned with good status even if Device is NOT Ready 


Ce a deauenceeaeneauaenipeinomnieemineemetmemcanmnananeonmenamammniemremmnncce _aataccas a onameane eececzcemmtr ecm cae an eerstnreeiienn eter amr enn en reennbemeeemmeuennaetetaetetecemnenenemeimeemoeneds neesenemenieienbediiuessnnmmmmmmnentniamemesmementemetetnaimiabennammimmmmiemenientiniensn niabteimiabemmesiiidaiil 
nner “ereenannetntninrsihessnncmemenenanes reenter iG soetttee winarsennerhepertanaentte-wruntte worsytusnscneneesueer ert ates Sata Sy steers —ntemnarareanentpanneneeethetr nt wanmneaenantttttrvirantwrreintsenewtdansees nutstnaetatqenatnmntonatennsntnntad-etisasnneupenunernntanasecnenpeer soeeemnmneatenniont teams anenpsinsitanPoanenennasatantnetetiinisaAett sassanpennitdndtint-hepenreunnenaearéss gnan-enettinGenPetRtAneeiintitnartennettsineeAAete STASIS HAMS SHG: RAO, 
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Inquiry Command (Continued) 


Allocation Length Examples 


Allocation Length Number of Inquiry Number of Bytes 
Bytes in the CDB Bytes at the Target Returned 
24h 24h 24h 
Oth 24h Oth (first) 
OOh 24h OOh 
FFh 24h 24h 


rR SS http rl en ott APA tt SSE SE SS POSS SSS SSS SPAS ess AP hr SPURTE FROST RAP EIS 


oom s-erumeraseunantnsousrantenrinasieatnatintit rttharaesrtnemtnperaranetnpnenetarrmnanstasanns.nenenannsinneonrertrtenann mnfehiahin-senesotas bs pomatmanantantrnennanbeteennd steeds cenmnanensanetessnasir.oh-nmsergneeenlenntenneth-inssusnanenapenansseseanaeanutetpes-wanqsenasasivmnantasaseanniqaenionenin-ievtoaseujes nt: qussenninenneyninnegnngnstiitihs jis sot pens natensupecnnur-asecsnntntninnniatnsiesehiornineeneteivenseihaininenivedagenntte’ smmantaetenmannte-etset shinee! Lisucéetaeensipe;msnanbhidmanesasesees nanpsnarteienarinianhihedaby-snmntnlsv\atenttsstel meyntwwnperiomenanbentnpamshatuteensnnsunnemipreeit! 
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Inquiry Command (Continued) 


Note: 


See next page for 
description of fields 


Data In Format (SCSI-2) 


| RMB | Device Modifier (SCSI-1) 
ISO Version ECMA Version ANSI Version 
AENC |} TrmlOP Response Data Format 


Additional Length 


Vendor-Unique 


Reserved 


| 6 

B15] VendortDiasc) 
16-31] Product IDiASC) 
32-35| Revision (ASC) 
36-55|  VendorUnique 
56-95| Resend 


| 96- Vendor-Unique 


IY ETT TS ELSA SS SAGAS SENSO St EA SS SSS SFP PU CA G2 e SSsS-esSS  SPSSS7FS  SPSPPO  P  S SD sS sUSS SsUP 7 TSP SSSA SONA 
nme aneenrearanannss-tnatrinamnetan setters 
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Inquiry Command (continued) 


@ Device Type: OOh = Direct Access O6h = Scanner 
01h = Sequential Access 07h = Optical Memory 
02h = Printer O8h = Medium Changer (Jukebox) 
O3h = Processor 09h = Communications 
04h = Write Once OA - OBh = Pre-Press Devices 
05h = CD-ROM OC = Controller (Disk Array) 


1Fh = Unknown or No Device 


® Qualifier: Oh = Logical Unit is Connected 
1h = Logical Unit is not Connected 
3h = Logical Unit is not Supported 


@ Device Modifier: Usually 00h (no longer supported) 

@® RMB: 1h = Removable Medium, Oh = Not Removable 

@ ANSI Version: The SCSI-1, 2h ew SCSI-2, 3h e SCSI-3 

@ ECMA Version: European Computer Manufacturers Association, Normally 0 
@ ISO Version: International Standards Organization, Normally 0 | 

@ Response Data Format: Ohe SCSI-1, the CCS, 2he SCSI-2, -3h we SCSI-3- 


mle. SCsé- J 


Snr an nnn metic neem hee eseetenetimmmmenerinanesnatadntaioneneneieanauenenmmmaennmmmpmnmmnsmeteanemenmnmmmnmmnanameenr canes amemmseneneatneunmmmar armeeneen gene aeesamnerar onanemaemmasaenaeserarnenemantane:qanmee recesermmamazens meremaememeaeeermeneeaan amen ieeminemnenes canna eee regener naateecamene™ sneer aecmeceecenc a= rertanreacaaaa retention nn neat aaa ene Raa ae rea 
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Inquiry Command (continued) 


TRMIOP 1=Terminate I/O Process Supported 

AENC 1=Asynchronous Event Notification Capability Supported 
Additional Length Number of bytes of the following data that is available 
SftRst 1=Soft Reset Supported (SCSI-2 only) 

CmdQue 1=Tagged Queueing Supported 

Link 1=Linked Commands Supported 

Sync 1=Synchronous Supported 

WB16 1=16 Bit Wide Bus Supported 

WB32 1=32 Bit Wide Bus Supported 

RelAdr 1=Relative Addressing Supported 


Note: The features these bits indicate support for are described later in the class. 


<eensewmeeentcoaeeaerernnteat: onemtdn eenmenmnno=nevenniwessssasansnamytenvny statins 'sheesnneenevansietemrioennewnianiunnnante’ sennanenieeieentenis Sih sehtnenis apioanysattins.teetstenninttnnsannteletne—AieATeNem minntntnteeint NR itn netthY Se ace ereeesowinaier sso senensngennean sonuraenpeepruenentesibenetee wee sssesaqunneatuanieatissnnreeuhunaneantnynsneeasensaenttunisnesmanagnsantwsewpeisnus/asténsstaanqeeoonnn bsnsintineenenssaptsinnnaneinnessjnapenrenttameecerenirimneynanntersdtnie}sapianephissdsis: apegenaniunansnennteanttinenintechaseaneattit:iwhfeaenteentinnhanieeninarssteinstciriunbtisttmaseniathiths Haina eneoutabeoner at 
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Request Sense 


ea tomer ten orandermarteneatirinvi ©-mereoeseneRestnonimnattnnrtienittrAaatr sete eseTaamaeettsteeerecier attrwinsihiemmbanast ition Amster redone erence ehrenansse eestor nsewesjsndapenmepesn rer pn er eae RS RHC nS! IN SSCS IE neeavarnt— yetenatewpmnsbtaine brirtnfe-nnbeteeharanernttvanennnnlnnsienansheterneateh pera . 
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SCSI Error Reporting 


@ SCSI devices report errors by sending a status byte of O2h (CHECK 
CONDITION) to the initiator during status phase. 


@ Initiator retrieves information about the error, called sense data, by 
issuing a REQUEST SENSE command. 


@ Sense data is normally 18 bytes long. 


@ The Sense Key field in sense data identifies the basic type of error, e.g. 
not ready, hardware error, data error. 


@ The ASC/ASCQ bytes define the specific error, e.g. not ready because 
no media present. 


a eteentenmmninsmmcminnnanmeanunmunmmanmmnmteneaenermeceeeneses atecinccemeccee eae cacereen amen 


 Memamnenant masatocatasnammmematitwees iaprmenen aapsenwtenerenenieent ten seumtew sentenmiemenrdnpuaseunnquecereneqerceniumeanwreannyent seanyuteneninhe i: au pape ettsintewaites-Aantiesttennetntliee sp aneeeerer mivanveernittesnannennnerqnar satue-setsqasqnasena-cotunasnereututithrensy--eprdiesny-spnssedtensssseneweynnasseesnantsesnjsquisanasrannser saneuhrennensttee ety-asn-csienpaninsednuanseasticeiniurtienindaniannscinesttadentitartn\inisnneensouarntesnnttnereerttyentnunaiinerthintivsstayartstttinrstcwniaiethtnrshitesSenehtnientsanen sinatan anenpe Pent 
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Request Sense Command 


Bus Phases 
The Command in Error The Request Sense Command 


BusFree | 
Arbitration Arbitration 
[Selection Selection _| 


(identify) Message Out Message Out a (Identify) 
Command ___ | (Request Sense) 


(Build Sense Data) Data Datain ——_| (Sense Data) 
(Cheek Conaion [Status Status (Goad 


(Command 


‘(Command 
Bus Free Bus Free | 


ce pet ARS A ST STE ST PTS eT SR SS i SV FUP CDP WES SPS ESE ESP SS PPE SAE SE SC aS SFTPC ESSA SPU SPT PI IO POND PP NYE SS NES YO LST NL IES 
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Request Sense Command (continued) 
CDB Format 


Bit; 7 2 
Byte 


Operation Code = 03h 


Reserved 


_0O 
1 

2 

3 | Reserved 
4 
5 


Allocation Length 
Control Byte 


eC Sree SSE SPSS Ch ESA rss GRRE ty SSSR DFE t-te rest ssi SS rs Sh PSs SSS i SS SSS GGA HT 
 orenarerreownresoanuanpanansusnaestiatss inuininnsnetanann  nenevseree serase-wrwrntredigarat~ senda sauaasanecaseuneutnrsar=nrertevysesnternmnnppnenpatsaenensnaaentesennerentcerevpasnpannenenansawtentamsaisivns tenrerkttaeunentereenieectsteiwrenurantntirereatesepestniunhiientneamaumarentersenntantnitt i tthimutectounamtChttettnihsrriintinttibAnrunnintnsRsnnnipesRante—e—nNetens =P SSAA ™ 
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Request Sense Command (continued) 


was In (Sense Data) Hl 


Bit 7 
— 


} Valid | Error Code 


Segment Number 


Sense Key 


information Bytes (MSB-LSB) 


Additional Sense Length 


Command Specific Data 


Additional Sense Code (ASC) 


Note: | 13) Additional Sense Code Qualifier (ASCQ) 


See next page for 


description of fields Field replaceable Unit (Vendor-Unique) 


15-17 Sense-Key Specific 
18- Vendor-Unique 
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Sean! 


Request Sense Command. (continued) 
Sense Key (Byte 2, Bits 0-3) 


Oh No Sense (No error, FM, EOM, or ILI) 
th Recovered Error 

2h Not Ready 

3h Medium Error 

4h Hardware Error 

5h Illegal Request 

6h Unit Attention 

7h Data Protect 

8h _ Blank Check (tape, WORM...) 

9h Vendor Unique 

Ah Copy Aborted (error with Copy, Compare, or Copy and Verify) 
Bh Aborted Command 

Ch Equal (Search Data command) 

Dh Volume Overflow (buffered commands) 
Eh Miscompare 

Fh Reserved 


I sesaemoataaereeendaminieae ieemeeimeaaendaiomenaanaadtamene nadianemaenaiaenniinieiadsaenaeateammtuanemmmmediamd meets emendiandade daamneeanemesenemeaaaimenenaiinmemmnieamendtemaneaninemememauemmmmmnimmmmnammnanmemmenemtenesnaeerenmamdmneamenimemetmuenemnraenmnematialadiimmmmmemensaetaanennadneaseaemmemasinedtmmahdneenataanaemnsmnemeaamensenmemmeimmeanetetedadmmmnmemennminsimmeniememnianemmniansmeenesemmsninmntmnenmmmmnimmnmmeinimmnasaeaemmmntaiand 
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Example Additional Sense Codes - Partial List 


ASC 
ASCQ 


‘me tmreernhenanente eetrtecmmentnseretenest re Sets Stearate netstat emmnerenseeseanasesandutamrantsereroatatittGseansnusearanewarsatetnintstmnstvtrettsanGstnentts s6 poSiSETorshaoemanesneseatttesoysenaneanunerenrattanenantetnahiruntsenenennas-teshinaan-eeneilrnartettestantanestna Staal Stetina apes Pantanal asnnnttsheehivenruruneryenaeetant ies ouenenebunissineenenuhenit lestenhhanenteen anctantenttearnnsscessaatis mhenuts-taneeni anes fetwhinaspetentsnabenetusateht-ut-elres-enininlrasmnehetsirrhanhannt antes tse Aie 
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ASC 


17h 
17h 
18h 
18h 
20h 
2th 
24h 
29h 
43h 


ASCQ 


OOh 
Oth 
OOh 
Oth 
OOh 
OOh 
OOh 
OOh 
00h 


Additional Sense Code (Byte 12) 
Additional Sense Code Qualifier (Byte 13) 


DESCRIPTION 


Recovered data with no correction 
Recovered data with retries 

Recovered data with correction 
Recovered data with correction and retries 
Invalid Command OP Code 

Invalid LBA 

Invalid field in CDB 

Power On or Reset or Bus Device Reset 
Message Error 

Initiator Detected Error Message Received 
Command Phase Error 

Data Phase Error 


Request Sense Command (continued) 
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Request Sense Command. (continued) 


@ Error Code Byte 0, Bits 0-6 
For SCSI-1 and CCS ~~ - 7Oh 
For SCSI-2 and SCSI-3 - 7Oh current 
- 71h deferred error 


@ Valid Byte 0, Bit 7 
Valid Information Bytes (Bytes 3-6) 


@ Information Bytes Bytes 3 - 6 
Used when Valid bit is set, and contains: 


¢ LBAof Error (Direct Access, WORM....) 


“« Residue Requested minus Actual Length 
(Tape, Printer,...) - described later 
“* Residue Requested minus Actual Blocks 


(Copy, Compare, Copy & Verify commands) 


@ Segment Byte 1 
| For Copy and Compare commands (normally 0) 


FREE LH ET CTT AR SEE SP OP SSPE SESS FSR SEEDY MOT SPSS W A OT SS SESE AOS SO R= EE o-Ps SW A OSE MN ST ASAE TES RS OY 
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Request Sense Command (continued) 


FM Byte 2, Bit 7 (described later) 
Filemark - tape 

@® EOM Byte 2, Bit 6 (described later) 
End of Medium 


«+ End of tape, beginning of tape, out of paper, etc. 
¢“* Tape and Printer use only 

@ IL — Byte 2, Bit 5 (described later) 
Incorrect Length Indicator 
“* Requested block length does not match logical block length on 

medium 

«* Normally tape only | 

@ Sense Bytes 15-17 (Optional - see SCSI standard for details) 

Key Specific Depends on Sense Key value: 


«* Field Pointer if {legal Request sense key 

¢* Actual Retry Count if Recovered, Medium, or Hardware Error sense 
key . 

“* Format Immediate Progress Indication if Not Ready sense key 
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Contingent Allegiance 


(A Feature for Sense Data Preservation) 


Error on Command 
Build Sense Data 
Status = 02h 


Initiator 
peters Other Commands 
Execute Command 
Return Sense Data 


Sense Data Cleared 


i sar ammmennarineasaseeememn emma nehaeemenetasdnnrmmammmmmmmnemnlinniacemaetneoaeeree econ aenemnenenememmaiemrraacaesnernonnatucoenmacnnonemrermmerTnnunene shen erecinae omen eames dene oneneelneaemeeneebenmenmn cement ttabenaetn date csnetaneindacareeaneecene on eneammtnantamatnaaenmmmmnacnetin ae ener enuaamnemmenmmemecmemeanamemmmmemmennrememeeaeeemenamnacmmmmmmnceemeamnemmmenteesassaaaemeeaemenemn nedtonnammnamieteiteeaanemmamaaneamaennenenementabateadteneneneeneneeneana taal 
 raencetets watuipmrereneemantannnietulstenettrseewtit taanseiennsesbnl ni mauris newiahsineninatomsbnrrietireettietnrstttntpsuninitieatentd: Aytindincinnbvstnevene: sentastetngenoinniceeastinnranunaresinemeninasceamt auf sesame entry *snesne?-eseniSuliethteeestntnshter-wfeytn-anertnn—runverrry~meetsntteneattrhte-pquanisenutaatpapaseainstepennttipeeses sn.esnsneueunaninnnenenit:satsiriremyunitiviitsNt@enetst-DNtetATSaate Sir rRnyenarepeacsenininaaten wen {srmaupt t-deeeminirutnintremmresentewsroninametasnntnrtoe-ennhntyé asniienaanenwtarmamee tet 
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Contingent Allegiance (continued) 


| Initiator 7 | Initiator 6 
Busy 
Target 
Logical Unit Logical Unit 
OR | sense Data A 


One Sense Bucket sense Data B 


Multiple Sense Buckets 


1 
‘anarpaoer aparece innceneneisatene autre Stir iA teeRS SST APPT SES RAT Sneha wiSPOTUNNondOeOT ns est sehdsh Pesan essen antpeanssnset surtysumranunneessisheshanues-beeen/thyseintentautarsettenssse-nessan-ousrwtesastts- eat ptts onbstsnsnsounsues tne Pyenteutscsastonn-euantcnavatupanounps enue etpenstatsesnenwendinie~sastorEnpnntteh NpvipeenananeAssemtentaneaetstsratensnes<ronrtti: barnett estlSGeseten ono-toapinshtseshonttnustrssessrnteamesranrant SrulniAasreintihinnirtaceanutetnietenNeaenraseestissern Iaatowttantetartiiinty nie tta 
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Contingent Allegiance (continued) 


@ A feature provided by the target to preserve sense data for an initiator 
after Check Condition or Command Terminated Status, in case other 
initiators attempt to access the same logical unit in the mean time. 


@ Implemented using multiple sense buckets or Busy status. 
@ Cleared By: 


Request Sense from same initiator 

¢ Any command other than Request Sense from same initiator 
Power cycle 

Hard Reset event 

Bus Device Reset message (described later) 

Abort message (described later) 


}. 
Xd 


+ 


e 


+ 


, 


% 


e 
“2° 


¢ 
“ee 


> 
“9 


se eenanenercae PR mS CUEETRERE TR ATE NENLSTECETE OOSe SAREE ORBLE ASAE RE SATE POOR yt HET a SEES EP A PCA FIRES TPE A et EPS I AP A SPREE ES EY TR AAS TIO SEA OES ET ASO ERLE TLE ONY 
srrasnemaaee—vpeiinnrpeemaeiattistien nel! Ap pReTEERS RG RASS STIRS ORON siwOtaAta tua eraNRASSein Are RES Se OeetGORASest tem enn mtthetneynanewrrtliretvneeeystNtinter—rAGdienehASRNOn reshma nrnssstenenrenenttusennen-inetsntstecony sonpeneotra! -eaepynsn--wuptaecunpectaes ur tsnaseevswy bait nareeeonteateh eee eesenennteins atts persnennarsounesnsestateronenatnee rer nn-rasemtednts arinerestet sistent St esinlrts SvEreet rio ttaSrowtrseehr stern cats en sant GO SpA IARuR tds ARASH 
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Unit Attention 


Important event ——- 
: E.G. Power cycle or media change 
Unit Attention Pending | 


Inquiry 
Inquiry does not clear 
Command Executed Unit Attention 
Status = OOh 


Any Valid Command 
Except Inquiry and 
Request Sense 


Command not Executed Contingent Allegiance Established 
Status = 02h 


ee nnenieretrerninntoonioaeomrehinaataaae sinenaAarrimnirtmerenttoee trinitrate ener threes eepprentir-hnunpsaraedstses asi esses Pupettsteessshssnrstashenestsndthyeesnsbtsan-tussts spsmsedsansvanaetatsbdses-anssnewbennesn-shenesashertorge-reAeeananaenpaneesbaren renitanendsmentwinwstesth-ormneanvesentnt IeedsinteushnSaneAAgneeus SeSlDRSSASSSeS JERMESDenOnnttanean} AatManntAenet/ssrtinrs meer etattsn Naseer Aen NARS AT tert Ie SACLE NTI SPIE IS, 
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Unit Attention (Continued) 


Important Event 
(with sense data already 
pending for this Logical Unit) 


Status = OOh 


2 Options 
(device-dependent) 


Request Sense may or may 
not clear Unit Attention 


Return Pending Sense Data 
Do not clear Unit Attention 


Return sense Key 6h 
Clear Unit Attention 


AO le AER SR AEE AES ME OPE 


@ Unit Attention can occur when another Sense Key is already pending. 


Question: Which Sense Key should the device report? 


Fs ashibiebrteehtiaemmememntaeenstnineneitempemaecmndiaetemaanardemmsenenmemecate ame tormnamamenmtetmetomen rcemmarmmnieeeeeniaemranenaneaaeeremenet aa aana cenmciemec teammate em car cm omen em rire ce ieee eee meme etacnadameaedeca etammmaamms aca mnceas einen ann amam 
ste santegmrereyeesinitaiaiminatetinrhatertnarene nmnbtnsenatterirtettane tnaneyirrarante—insnas HUARIR iit nialstrithenanesnninattatefassemmenate SemnonthesStmmenind nit een wesabeetnesttemnertontonel foaieteti-seinasiakssniaianm tines ute AERA = eman-eyanaieen snes eneTt gu v4smsen-tetarr-ampupatuethenrrersimetashannesaestuesetntinsesnssts-subastfrpeetemstet estan hse caruntesrnsnesastasinyaresianaseneapslnasndssuybasintranytensesit orem tankAsunareasirebtevinstht tet cuSS INRA ceett nr tt HERES GSrESGAttnyinant tise inanneNeNeienin ise nAtAirnnsentt sn sineiatt NIAAA TRA RAO 
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Unit Attention (Continued) 


Summary 


Inquiry 
- Command Executed 
- Good Status 


Request Sense 


; - Return Sense Data Unit 

Unit - Good Status Attention 

Important Event Attention | Cleared 
Pending Request Sense eare 


- Return Sense Data 
- Good Status 


Other Commands 
(e.g. Read) 

- Command not 
Executed 

- Check Condition 


Other Commands 
(e.g. Read) 

- Command Executec 

- Good Status 


Contingent Allegiance Pending 


KnowledgeTek Pay 
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Unit Attention (Continued) 


Examples 


Does the command sequence shown clear Unit Attention (circle one): 


Inquiry, Inquiry yes no maybe 
Request Sense yes no maybe 
Inquiry, Request Sense, Inquiry yes no - maybe 
Test Unit Ready, Request Sense = yes no - maybe 
Read, Read yes no maybe 
Write, Inquiry yes no maybe 


TT RETA TL  L  L  S T Sl NaS ESSE CS nee Seed eA Sa SS -sSr oh eth rs s/s SSSA, pT eh a TS POT 
eee TTI eNO TAt ste NTIS NTS mena eeettenitaiatahertunn—mtvenemieat He oetrsue aanensemesietpeetyataeansmntulll WWUnsonsenss-futh 2 atsah-entneesnrtit se neta sen: gosh spree ennrwansrwtein-owpasee ssh. atnae a an seaygareneenninrrvireasensivanenanien—nsattnuansnin sunt sbteatsansebeputirsihneensneuunnervtengessessnnanatierusnhninartaahanfniermantnaniennnt4tnaumenswunefsttinsnpayntnntentrwtsttaennriassnnnsietinneetteeiTetartnt ASO WANE 
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Start/Stop Command 


CDB Format 


go | Operation Code = 1Bh 
i LUN Reserved 
a Reserved 
| 3 Reserved 
ae Reserved 
3 Control Byte 

® IM Immediate 

® Start 1 = Start, O = Stop 


Sd 
- 
° 
Mm 


1 = Load removable media (when Start = 1) 
Eject removable media (when Start = 0) 


® if the drive is stopped, it responds with Check Condition Status (Not Ready 
Sense Key) to media access commands. 
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Start/Stop Command (continued) 


Non-Immediate 


If 
Start CMD | | ARB SEL| MSG lcmp | STATUS MSG | 
|}-____— = 5 Seconds ee 
Immediate 


Start CMD 7 ARB; SEL!]| MSG |CMD} STATUS| MSG 
|/+——— ~ 100 Microseconds ——— 


@ In immediate Mode, an error detected afterwards is reported on the next 
command with Check Condition Status and Deferred Error Code Sense 


| seeeatnte mhepeaneanestemesensanaaqecenennantrrs sneer emneseeennnsntstaseerpanhetanvnetnesmeetensenstiingastnn Sin suis sonata pean snteatetnse sinh sss Aes tete-onsetsstdtasersftesnpunsts an reeensananerteniate smeetrtnneenteerbatmnienn in sieesansurvisasbenattuitrasenennesneasndcoreenehaapenentnpatytirtun~sARatAsunt eran Stennis ARON Nt RI ASAT I 
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Read Capacity Command 
| CDB Format 


Bit 1 0 
a 


Operation Code 25h 
of Reserved RA 
LBA (MSB) 
LBA 
LBA 
LBA (LSB) 
Reserved 
Reserved 
Reserved PMI 
| Control Byte 


elles 


@ RA, LBA, and PMI fields are not commonly used and are normally filled with 0 
(see SCSI Standard for details) 


TIT NAN A TN CLC TT CC TS SE PTAC SSeS GP STG TOC St tT er A ASAP SS UO MESHES VOSS SSE MeO TEC S| TEINS 
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Read Capacity Command (continued) 


Data In Format 
(When PMI = 0 in the CDB) 


Max LBA 


Block Length in Bytes 


T senammmettimenmomecemmnoatenmmeamianer mmmnomnerartomrommeeracencenacne Tenia Taaceentne omy cine ce ao aoe acon ncaa" nn en ceases mn ee mu oath lui eee nemo daemon ee ne eiaenn enema eaten 
antennae ntti at tar mene atene ete antennas REPENS Otnsreettenrinnartins athena eaters Sn teeth in Tainan eee pcspanmesrnmetantt Hlspyne- newer nearest teehee jun tenets sen ansenssrnern bsatunetrbtet.iratunaan—eeiinenmttn-ssnttt+~snetnntte inset saeseennnunnaptensntvsanutwneturfee-acnhannsdenannonanaids-avenete.ananteetvaseteanaden Hoemreneenenama-niiebatenchaleusanaanenseinneethttmednarsenenatsibioreirtapianiansatentinnen tt teathnaneteqmnseriresnineeiresnenrinapunnnantamwannestanmetehwet etn Ree SRST eres 
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Knowledge Tek 


Disk Read & Write 


Disk - Read Command 


Bus Phases 


Arbitration 


Selection 


Message Out 


Message In 
Bus Free 


TTS CELA ATS I i Stee eet eager PTS SSP NYA PTA SS LE CTC TT EI 
eesmemarset weutheuceiniepemtuneseteemmrmasertesegneratin mumanaudnanemaaedd sun -ibtynetsvenmnanemeantnsnteesertesiyanpretersvesntceneshonenateeen gy aryttuttateenttr—tnesatyifte tw Snaraneersstae sre see ern ceSrS esse sneresst tenn PU aruvrneewapundseenttinsranafanrsitnndsihannpisiessnergnharateneretnr nuneaeuntunsateansiesaseonpta temaivieapetsoratt-nen tetas? Santen teSReICI eS neat ent Steet It cnNLNES Tent NAAnAt pLahsHAICL SAAN Re 
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Disk - Read Command (Continued) 
CDB Format 
6-Byte Read 


Bit} 7 2 
Byte 


O Operation Code = 08h 

1 LUN LBA (MSB) 
2 LBA 

3 LBA (LSB) 

4 Number of Blocks * 

5 Control Byte 


@ LBA = Starting Logical Block Address 
@ Max accessible drive capacity is 1GB using 512 -byte length 
* Number of Blocks Value of 0 Indicates 256 


NT TTL LE TLL TE TT LS TS SDSS its Psp Sa TE I TNT TT TTT: TT TTT ETT: 
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Disk - Read Command (continued) 
CDB Format 
10-Byte Read 


Bit 
— 


Operation Code = 28h 
LUN | DPO | FUA Reserved 
| LBA (MSB) | 
LBA 
LBA 


LBA (LSB) 


Reserved 


Orn! ©) oOo | @) Mi 


Number of Blocks (MSB) 
Number of Blocks (LSB) 


9 Control Byte 
Note: See next page for description of fields. 


eeeeennannaemnnmmnen cipimnunasemanemmmen rere eure cement oe memmmnemnene macnn akc om cca arr nn aa emnememmemmmmmeenanaeceanemmein eet ezeer anaes =e eb nen unm hu etna ele aaa imeem eee mh cameataiantne ei een eemnlmmmteliiel 
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ocean rormeyentrtnuaauinasmananetnetvinmt Wenttemrutnafaaia tk St Ae NaRSSSeetEe! Set Hranenn SettGit SsatennenAneRMnRtt MnHivgnen amen Stent seni <teenette seer cans rss ASRS sr-POPUReNSn sntesaw.e-¢tets.cusensesest-owsienrarenso.nen-a.assanseetsessshs¢ psn snes ncembey sere seesbnssee ea SSnStIONSONSaRSIe tent bAS Styne AANA H Oh —tyNttetnhrACente ALAA RLASMAaN Ar RAGIN ACRONIS SISO 


Disk - Read Command (continued) 


Number of Blocks value of 0 means 0 (no data transfer) 
Max accessible drive capacity 2TB using 512 -byte length 
RA = Relative Address (Linked Commands Only) - Normally 0 


FUA Force Unit Access - Normally 0 
1 = Read from Media 
O = Read from Cache allowed 


@ DPO Disable Page Out - Normally 0 
1 = Replace Data (will not need block in near future) 
O= Try to Keep Data in Cache 


¢*¢ ¢ 4 
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Disk-Write Command 
Bus Phases 


Arbitration 


implied Seek 


Data Out 


Message In 


Bus Free 


LT ATE I SY PSS RSNA RSS SRSA ey PRES TTT eT a A LT LT TE DY 
aceasta petrtmperemnce eshte! nite Ao winter bench ynRARAWNTENTSY Sonn eRiRAioe! <IWwINRrAO tthe -on eee HwT ARRESTING hcp renee ariamatrtan enroute erent ifn nnannsnneecbetnneaurn- A sn rensnreratirrononptoassansmypainpansitri-hitheranrihir ainsi hb ssbb.) OUP SPORSPanDe paver Sa POH oy Sh ns ee SPS ss tated WALA SOTTO ET M 
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Disk-Write Command (Continued) 
CDB Format 
6 - Byte Write 


Bit} 7 2 1 
Byte 


O Operation Code = OAh 
LUN LBA (MSB) 


1 

2 LBA 
3 LBA (LSB) 
4 


Number of Blocks 


ez Control Byte 


@ Number of Blocks value of 0 Indicates 256 
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Disk-Write Command (Continued) 
CDB Format 
= _ 10 - Byte Write 
ee Te Tet 
Byte _ | _ 


Operation Code = 2Ah 


LUN DPO | FUA Reserved 


LBA (MSB) 


LBA 


A CA FER RA SENG {NS DARGA AA POSTERS A 


LBA 
LBA (LSB) 


tN ee CAE AN cA aN EY SNS AUN at 


Reserved 


Number of Blocks (MSB) 
Number of Blocks (LSB) 


© 1a | N| O] on] alow] ml jo 


Control Byte 
@ Number of Blocks value of 0 Indicates 0 


ee RIS ENS SES SSS PSEA SAGARA i get eter -NR Rt fA SY TET are Si sre sh Ss rrr er tes SS SSSR PS nrtrncmaremeenteneNnaraiemta Mer 
 emnatepamansaracesentitanimnttanmmnorrnatntin des os cetenpemeensnepneienyanenenenan seanepamemndnes sentcetnavuteur: ia tenpenfinenenns wnt gaiemmne~ateinesanneneeseemnayirns qt mesecnintner rebeuenretsteun+Sihesnihse-emas spuepts.atens ingen sees nantannnepananiymyanandinsnnisemeanvemetaniighmetnsshsninedsctsnibysonsrsnoy.nenevianemnanpstessitertanaintnenesis-nesi-seseesearmnanetniansrtteenynemseneenaimnmanmier sient Snuefennns \omaabeubunaneeennniatmriouciay-sionaneealsetmitubatattepeqneruer Sant teeArW nafs 
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CDB Data Addressability 


512 Bytes/Logical Block 


@ 6 Byte CDB 
¢ LBA = 21 bits or 2,097,151 = 1GB addressing 
“+ Transfer Count = 8 bits or 256 blocks 
@ 10 Byte CDB 
—¢ LBA = 32 bits or 4,294,967,296 = 2TB addressing 
“* Transfer Count = 16 bits or 64k blocks 
@ 12 Byte CDB 
¢¢ LBA= 32 bits or 4,294,967,296 = 2TB addressing 
“+ Transfer Count = 32 bits or 4G blocks 
@ 16 Byte CDB 


“* Same data addressability as a 10 byte CDB 


cer nRrneareine amecenrsaerdnemnacinsanaceneseniammcesmmmadtiomnsandialiieesashtimattndatentehipmntiaiteiienememnnnstoanchebbatateommammaethembebeeomantesaeseeaamsneanemmmammieabanemenantmmanng omncinier amanatnene enavecacnenaaeaeeonammearnenntaenanamaaerarnenemmena sm anceaar arin ane canteen tu unemenaaaaaazmacaae aot tetra are remem ur mn am naa asa meer a eet dm eee 
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Copy Command 


@ Optional Command 
@ Copy Manager 


¢¢ Logical Unit Receiving and Performing the Copy 
@ Source Device 


“¢ Logical Unit to Copy from 

@ Destination Device 
“¢ Logical Unit to Copy to 

@ Initiator Gives Copy Manager During Data Out: 
“¢ Source SCSI ID and LUN 


«+ Destination SCSI ID and LUN 
“¢ What to copy and how 


a omeetnianed 
RN ATT LOANS ARTA AH Le ACA EWI AMPA ASCE SAS 2 SOS letncttanstnnenennatert RITES: ACAD RPS A rt-aisstewssiuinatiPrevanerdrvtchernttr tt smaitsiihgl PES Pu -CUPOOTNSa—s tier rarer astra fn tess SSAA SST SSS TE Ser Stree eS Ymca 


\teveaewesvetutetertumnaneasitnperacenne Mrammata amreameanatnuntsesnscnemintnntttnstuntenl sateayupeyynt \-ehtentAetantueshteeeyyseaieuntreseé nsinntntntvemtwhin! wut eewuthegn siprsvenenernpsrtstttennsennsesnnn tesetinmenehasflun sida i suhhnt-veteasinuessnireanse/nnsnsnnnstannananenente tnt Snipes +ncen—nantesaenupmneenttthses ee} Aisne et aurstonenmnwsefin-treusnnyenantnshensnasiesimterrtthstrnniassnopastentehtnnninnaneres intetpnuinerestinannanqunr /ynenanne-titiententnupenietelaeannw—Rattanhtatuhsinstate.vAiuiparatidnchyiniatutsuteyséeoenttenntnieuatasnnt tf anr ANI GOONNARI ONT intr RAMA DI 
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Copy Command (Continued) 


Example 


Initiator 


Bese ai aie ar Ee 


Copy Manager Destination or 
Source or Source 
Destination 
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| 


Target | 
(SCSIID 2) | 


- 


L.U. 
(LUN 0) 


on 
= mee 
We 2: 


Copy Manager 
Source or 
Destination 


Knowledge Tek 


je 
a, is 

nitiator 

ia 

4 fe 

. P 

BE Soa aE gas a STEN MIs CCR 2 CEE RRB TU ABE Oa RARER fo 


Copy Command (continued) 


Example 


Target 


way 
s Sy 
ah 


Pee i SEP hum CSR RS BOER RS 


Destination or 
Source 


Initiator 4 Connects to Target 2 LUN 0: 
Copy from Target 6 LUN 0 
to Target 2 LUN 0. 


Target 2 Disconnects. 


Target 2 Becomes Initiator and 
Connects to Target 6 Lun 0: 
Execute Read Command. 


Target 6 Disconnects after Finishing Read. 


Target 2 Reconnects to Initiator 4 to 
Report Status. 


Le SNC T NACE CECT CTI (RE SAE: etestteARRONRNRENGST ceatmrenttentnes spate -tpaetntegaetbenyesinetsatat Steeaspunuanensatsatinaaenteneny.arennentnett eteeeentonslmacnsieines beset weer sounyhersnaegannnnantanenenn-seuaegntypsaatdutte-siasiaanenntnensiinisnunseetatatidanneennenuteensgeeniqunguant baiueinehpanwmsentensesne-teunttcunynerqintaensansnnsarrenquelennntmtnusnnatadieoraann-Mmies—nentarniubantseeeniAhtnsSanADALeRANeteraner Atlee tse tute t ee" MATERIA Ht 
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Reserve/Release Commands 


@ Used for multiple command sequences that need to appear as a single 
operation to other initiators. 


@ Reserve logical unit with Reserve command and release with 
Release command. 


@ When reserved, drive responds with Reservation Conflict (18h) status 
to most commands from other initiators. 


@ A Release command to a device which is not reserved or reserved by 
another initiator results in Good status and no change to reservation. 


@ Request Sense, Inquiry, Prevent/Allow Medium Removal (Allow option 
only), executed even if reserved. 


@ Power cycle, Hard Reset, and Bus Device Reset message 
clear reservations. 


CERRADO PCP SEDANS ASSORTED nee AAR SEASONS NEES | NOT TE SYED ATI, 


TT TY CTT ST SOL A EA Py op re Pe et ED ATA CET 
ae a iene dl nO IRR nn aD an a nnn dae nde ooneememm crammn enemas remnemmac en memamanemsamirmnamaanemnamenntanceecapememmemernaananmenantaemearnonaamenanameaenenenanenramammennemaan tnaemmanneanemeaiemnearanenceare onaemmncammaceceemenansremtenaam naam mmeanneecarareaammearaneraace emma aercnnacamannererearmn nae roc eemanmm recantation nm anenmemneeenamamnemnneenl 
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This page is intentionally left blank. 
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Mode Sense / Mode Select 


sree diea enthroned ommended bnemeeneiarneemmenemmaemmmmncmedtaeenatmn etn ememeaer ren iaaarien eam neem npencrereemeeerrieeecntnee reenter nnmnineeon em pameaeas nr ne ree oe tnmaenenemmn een teeetmaeneaenamnnecp neem ree oa dome enmamaen eer eenene ene eracenmce eon paeceiennToneeoneanemoer eam eee lame cetbencane eee aaenate meme lomemenmentaenmnemmnaanmmemem aeeneneniemmemianeinmmnemenmammmmnemmeaneemennenanemennene aiamemesanmmmmnammemeemnmemennal 
remanent rR —RORTETE mete arent err ratrrearertaher teense eter retreat Tw eR preseason nurses enemy werner snse=ruesdsbonrenrn-epeneresnsnatirenpes-nnrurvarinmrnanvounteesmeibontthreu manent nares ptt never poneer rarer paretnatinenaetoerainitt M-vsrvatnnnreriannnrworarnnay sranuheiWsireas hiowibinainttinsiwnainben bakh-irhueihadr peer erSNiuh ae tp amLanfen-raemremrenn saree Herta iin 
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Mode Parameters 


@ SCSI permits great flexibility in configuring devices and controlling their behavior 
through the use of Mode Parameters 


@ Related parameters are grouped together into data structures called 


Mode Pages 
Examples: Disconnect- R/W Error 


Caching Page Reconnect Page Recovery Page 


Parameters affecting 
when the device 
disconnects and 

reconnects 


Parameters affecting 
retry, ECC, and 
error reporting 


Parameters affecting 
read and write ‘ 
caching by the device |; 
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Mode Sense and Mode Select 


Commands 
# Mode Sense Query Logical Unit Parameters 
# Mode Select Modify Logical Unit Parameters 


# Parameter Values Default factory settings 
Saved __ settings customized and saved by user 
Current settings currently in use 


@ For Power On or Reset, if Saved Values available, use them, 
else use Default 


Question: Should the user be able to modify any parameters 
in the device? 
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Mode Sense and Mode Select Data 


Data Format 
Mode Parameter Header | 4 bytes 
Block Descriptor(s) 8 bytes normally 


Page(s) multiple bytes 


cede enn cn dennmmmn ims aemi nada tiiaimmmniniandaeneteemioen dnimmenaentiaeinmarenaanceeanme mamettammeetenersiestaae=meetemamnmnaneneammemremmaniiemeccne”rmtommnce=ae=aeee eee taneeserereee reir estas eee mcm ca” aca ec aT TEE SO a nnanen seem euahcadhadentnteaelasmeiadenememmnaenianienasiiienadaenamindasenensdiemnemeemmemmmamemmmn memieiasiaimnananiaiasaaanmmtneenemmmmntald 
a A A TAPNRSHN htraerttnrnainentinsaint -urhrnbtrahenetnirey meminatninet aimnreneuapaeteiretrnaneetran/eustiiape nemmemnenvenetie estan eanntneownresuatstntent-snwetttt-ewa snalatet-nvadate cteseemehdet--enasctmaeenss-ctetennstpenweyncntthiAtAieearint ant .eresiientmaoedni othpenerasbesrrenena-sts it wnnthnwnnenrerreniwreitest-htate-vetaseibininesnunenstauniunsennntssannsrurnisinmnsetonnbyemewstnttortteuity sebens mcneow-toatenenerseanenmanuriayansiiatnatinininnbunividihnntsuninynnininnethts Let mahmarton-suaprcbaen MutnscetanetandemnIenReecnen tsetse MARTIAN (Rene 
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Mode Sense and Mode Select Data 
(Continued) 
Mode Parameter Header 


Typical Values 

Bit 7 
B t e Mode Mode 
y | Sense Select 


Mode Data Length xxh Reserved 


Medium Type 00h 00h 
Device-Specific Parameter 00h 00h 
08h 08h 


Block Descriptor Length 


Note: See next page for description of fields. 


netantapeetayshstpamnssnnesbitantat satevanimasie sivnenbereniereeninesiti shstahepstaesuiannarraraanetotenaneentsiatti- Lan Snape apeeerESarRShnEUOrINbPePeeN Masbeptnsantint et edttatyata Reith 
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Mode Sense and Mode Select Data 


(Continued) 


@ Mode Data Length: 
“* For Mode Sense: number of bytes of the following data that is available 
¢“* For Mode Select: Reserved 
@ Medium Type: 
“*e Depends on the device type (see SCSI standard) 
“* For disk: Rigid = 00; floppy = sides, size, etc. 
«+ For tape: Reserved 
@ Device Specific Parameter: 
“¢ For disk: normally OOh 
“* For tape: buffered mode (described later), etc. 
@ Block Descriptor Length: 
¢¢ Normally 08h 
“+ Must be multiple of 8 


ee amaanamnamemnemen nem meme aneceiammnmntin etna imeem ramen ecm] ch homecare a a raise acme oes numecmmeen acura es Tran a hn enamel teem iedeccmmneammatentnietaaetaanamenemieitemenemmebiatemnmeeambemeniemeel 


tar erninrmir enemas Lenten pS LRNUTRAANRaTNIagRLtTnAet sapieiteate stlentsatenesteteettt ie -aaruatatn hint AitetGNhat prs essen esneenadauistiesn<eetwrepsSassnanh? o7itenpepsarsssrnat song ateeenasnsenpusan snes etersa=pnvessnsearsn others sss srenusnsstessvnyshsbee-sourensensttrsetethnaiesnninsieeeevivereetasnsemnaidees-teneniamsenses-smatineui.annsastnsivstnyuntietosasttset-rrarase padi —oNSnninnsnaennnarsatart st Tenn sae/sereeahymesmvattnds stn nAnnRAsAneeraynetns tr iSnERnteNGSi eNom eM 
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amare 


Node Sense and Mode Select Data 


(Continued) 


Block Descriptor 


C2 Values 
Density Code 00h 
Number of Blocks (MSB) 00h 
— Number of Blocks 00h 
3 Number of Blocks (LSB) 00h 
| 4 Reserved 00h 
or | Block Length (MSB) | 00h — 
| 6 Block Length 02h 
Block Length (LSB) 00h 


Note: See next page for description of fields. 


ss eam acento etna eben nda emntneneemmmneeemmmnemmnaeienenemne tenet aminettbortamae taro mene nenpenacenreaaauatanceunanramnrameneneneeneeaaunesognecmemnme Tammane runmenceeaemneemee aoe a mcataear mc chemin cee nn ne tei ne meme eltneeeen eet dam eaeemeaemmmeneeiendeeetnlgnteateadiecmmetrmmmmemmenniddimenedmennel 
cescratammmcanmmaamna anny Tasaesmann aan: ocaosrcansnsenrsamenaesceentie ass maa cearsranese amma uneearrarserean easemesientaamemmncmmaauemoemnennetaenbdanensamearantdnetnss henenatintmessembeessastinaimammtetinimnementend 
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Node Sense and Mode Select Data 


(Continued) 


@ Density Code: 

“* Depends on type of device 

“¢ For disk = OOh (reserved) 

“¢ For tape = type of media and recording, e.g., DDS (DAT) 
@ Number of Blocks: 


“¢ Normally 0, which means that all logical blocks of the logical unit have the 
same medium characteristics and same size 
@ Block Length: 
“* Number of bytes per logical block 
“¢ Normally 512 (200h) 


A ANE OCTET SSN ASS SPSS Ss rr si nS se es SSP Se PES PSPUAE TTT cS LTCC DLT TC LETT ETON ITE TTT EN, 
nen ennmenereemenatennonannteenteneenenenenemmmenemmmeanemeaeeieanestansieeeatonarmcemmmnatmemea ean nessdemmemsanban nua enmmababenemmaemmmammenmartonnentiaetamammshem eeamacemnaneeeanaperammearmenatann ommannanane eneechemacanaeemneeaaen an nex emee er oreaaaases reread Inn E nnRnan A dueineemeondimien ten eniene iemmsanenenselenesnasendiinaoncmneememmamsemneneninmeemiinetentioabesemninaniaibennamstntamiememmmatmmteneneamniasiemnmammeminneaneieannel 


Knowledge Tek | Page 2-58 


5/14/96 -SNB/Rev B 


Node Sense and Mode Select Data 


(Continued) 
Page Format 


7 5 4 3 2 1-— 
ra tats. a 
1 Page Length (number of bytes following) 

ee Page Contents 


R = Reserved (0) 
PS= Parameters Saveable 


for Mode Sense: 

1 = Page is saveable 

O = Page is not saveable 
for Mode Select: O 


ee PRR RESTS ETFS POE te TU SORE RPI RATT NA TESTI | RT ETE AAR ETT 
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Mode Sense Command 
CDB Format 


Operation Code = 1Ah 


PC Page Code 


Reserved 


Allocation Length 


Control Byte 
@ DBD Disable Block Descriptors, not supported normally (0) 
@ Page Code Desired page code, or 3F = all pages 
@ PC Page Control: O=Current, 1=Changeable, 2=Default, 


or 3=Saved 


> Se et 27 PR AFPUTR P-BIT > TPP 7 SS A SSS rn sh SSS i shi EP SASS nS A ITT ST A LL AEA OLE I OTE I 
reer arnter seethaeeaamreomentetaise-sAAelnet Latiateiiiaennetn ray Langer Aaah metre “Io TAR SSEEREPSSR-CISSt eSU $-nrto Ne rote se SOP? anc SPT pn on-hrrn sseh ST Pp SS-Tebednnrnrwni-rr-oy- pt en astvnnp sr Pranassnnrarnianstst nuns stnno htt rast SRP a Tt TT TT CCT ETS NN 
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Mode Sense Command 
(Continued) 
CDB Examples 


To receive Header and Block Descriptor (assuming block length 512): 


rexoos | Gb ht 
eeeted OTT Goo bono 


hex data 


To receive Header, Block Descriptor, and Current page 21h (assume page 21h 
is 5 bytes long and is saveable) 


hexCDB Li titi ti titi) 
expected = Ly lili til (ititititi titi til 


hex data 


Binary Work Area 
765 43 210 


runeerrrealanisirmmmnatertesin renee i myomeneturtaasiscusaetn “tere\tantonasse-tospr ftv terrae sumepahthypentee pan sturemestonirmyeaonpe heme shrine! Lintibeaihoh inset opntemnchanchnipenrchh 
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Node Sense Command 


(Continued) 


Answers to CDB Examples 


To receive Header and Block Descriptor: 


hex CDB 
expected — [8] 9,0 00,8] [0,0] 40] o,0]o,0 qo[o, qo, 2]0,0 


hex data 


To receive Header, Block Descriptor, and Current page 21h (assume page 21h 
is 5 bytes long and is saveable) 


hex CDB [1A] gol 2 ao) o FFL QO] | 
expected —_[ 1, 00,0] 40]0,8} [a do, fo 0] o do, ofo,o] g Ao, 0 
a 


een ae EES GO EET TT DEST A TIT POE NOCETOT ES CIANC AC RAS AD ETRE SSCA SSRI Frc SRS SCRE EP RPA, SOS ESS SPP A Sc ARP FOES SS PC CPR UD PR SS fA SIP APO A DA PE EE EOP SUT ETAE TICE RD PRISTON ESLER 
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Mode Page Example 


Page 02H, Disconnect/Reconnect Parameters 


Parameter Description Default Values Changeable Value 
PC=2 PC=1 
Rsvd Page Code 82 82 
OA OA 
80 FF 
Buffer Empty Ratio 80 FF 
0004 FFFF 
0000 FFF 
0000 FFF 
0000 FFFF 
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Mode Select Command 


CDB Format 


ZUM 


Operation Code = 15h 


Reserved 


Reserved 


Parameter List Length 


Control Byte 


@ PF Page Format, 1 if sending pages, else ignored 
@ SP Save Pages, 1 to save, 0 not to save 


@ Parameter List Length: how many data bytes the initiator wants 
to send 


Aa enon atsaneatantaiipanetretORaRneeDShOeerntn pmamuneditn mieiets setwndiemen-eettbedmnentetutntmstttagncanhnuenttsnneninetnte ut ptetfapctnm siewmentsiieiantnesirsntuntht ce -echendeesinganitiunceninyest—t-tenehaihne natinpanennnarapesneeyednsseemmnann-tteahione-snesnesapesiignninsanhepsia Hrmntrartentennseineereaneinartunuet eaneaatesina ut semesaienantanneniont neds retnesntafumestunons anateknaanhttectreyw/rvantrsarerstnenetientetmuninaeraartatisenitennpRGRAIsnr shih OMA 
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Mode Select Command (continued) 
CDB Examples 


(Without saving pages) 
To send Header only: 


hexCDB [i Titi titi til 
hexdata = Ly Ji 11 1 | 


To send Header, Block Descriptor, page 20h (3 bytes), and page 21h (5 bytes), 
saving the pages: 


hexCDB Litititi lili 


er a oie eee ee ee 
fae re eee a 


pinaty vor Area 
76 3.2 1 0 
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Mode Select Command (continued) 


CDB Example 


To send Header only: 


hexCDB _[1,5]0,0]0,0]0, 0[0, 4] 0,0] 
[ 0, 10, of o,0[ 0; of 


hex data 


To send Header, Block Descriptor, page 20h (3 bytes), and page 21h (5 bytes), 
saving the pages: 


hex CDB 1/5] 1 4 0; 010, 0] 14] 0) 0 
[o, 0] (00,0 10,8) [0,01 qo] 0 ooo] qo] 0; doy 2Joy0! 
12,0]  1}x, x]2, 1] 9.3] x/x; 1X 


hex data 


ESRC Or ectemyr shor ASNRETt CoRR 1 
St en er aeneeneemetinoeraremmaremmenneamnene nereeanensatachanenerte ne a Te TE 
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Devices 


Se oamennemameaaamamnmanasenaenmmmmeasl 
Panuevean vere nS nunTann TTY rs oar aenenegannenenenremienaecnmeanmemneomanatnenatenetemmmenntoammennnmnaennmammmeanaT 
A TTT TC ES arnt SS PT 

neteraemarareematrastereeciereriewntmaittastaltiearstatn Stet Sir eNntCeTteOcnaNG CET LET ASAE AERC T eI At rSAI TCE rE PSOne} eeerentennnaneeehaite-tte cern aranastsninesetenanne eesnantastenteneperadiununasenaenatr bien, senecate-nhastestttowntenanssaneessiunaai psnesaetanny.sslateutfat-henermeshiasetonntres-teenbtsnpanes tnneansvanininn eer ienersysintnrtunes Re-snqee-hpansinesimesenstbhhise sauce titi sennnovetrtanabeitoweis hanwviwpnnatiwetioeriiwreinenyaanntatatoaaranbresatut trent en ttOhhnTNTAUSANteeOnane-runnnns ares, howtrwvtnarterssitnvttntamiesiiSinAAhiteeNONGG? 


KnowledgeTek Page 3-1 


5/14/96 -SNB/Rev B 


This page is intentionally left blank. 
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Hard Disk 


agree AAAS ESPEN DEER noth SLIPPER CL Aa RS EP RET EPMO A AOI PE ORD 
emsssvensensirtorpaaansanstetnoves revrmocssrinstsuhisedsa-eamtxuanse sande Jpestbuerouaituiid}-anlt—nee~tttrmumatuteshurhunninbathstenrearapateaaiyehiare teins aaah eyantntiilAPeetees!htrenathaarrInartntnhiiaimtetaie’ 
‘serrata —t-trensi mar errenkon-rmsitenere-meny He mt eperateemnta si /erdrahrn tenn anaininanaoyunrwnrnnhtsinssmn inthis onda mbt banvenpnvnonnany reindeer aon veteran nertenenntnendesesennetent n-ne reservar etwenersvapemetenh sehen awph st wannabe nr rte Hn rere 
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Hard Disk Layout 


Tracks and Cylinders 


R/W Head 


——__} 
Head Arm 


Or 


Flexure 
a is 


Track 0 


Track 1 Disk | 


Spindle 


a 
ee omer 


1 Cylinder 


Track 2 


Track 3 Disk 


alpen eect IOL sg AESOP TET PURER STS STP PUENTE PACES UE SA rT RS SEES STO PSE ASST SO SOCRATES SE PEA rar SAAT Oro Pt PUP SSSR = i SPS PTS ES I HL TA TT ATTEN a 
teers ecarice er Hpatpdsoqumeanneremtditshmes qanredthenawaanantnenywen sitmumneundtr -shaepmisihnmmntenutiinerwatatahaisarnts tetntaaeeseneeel Wet featien weitere sndensamnnementnnerrtesnneersi~sstnmeey-es. netstat meus sepannnenenesnowsenatseeesiaepntanenanrttr anes a onstaueatnouitnairtewtass es ch--steatabes ssasunesseautstevsandmestenensesiniui et stadt Anetenpenpasyatuintstnaiemes seme sooth opeten-baeaampennednsr innate sae 1 iiranketnsh paras? eSroAAeseniin GSAS amuemasetensennamaetens ihr ter aSsntGAANERGA thant cnennSOAyAAL STRAT NRIOL WON AY 
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Hard Disk Layout (Continued) 
Disk Surface Usage 


User Cylinders Spindle 
Drive | 
Cylinders 
Firmware, | | 
Mode Pages, User Area | 
Defect Lists eaters 
Spare Sectors : 
; Head 
Defective Sectors Landing Zone 
Not used 
for Data 
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Hard Disk Layout (Continued) 
Single Track 


Note: A track is made up to 
many physical recording 
sectors. Normally each 
sector contains one 
Logical block. 
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Knowledge Tek 


Typical Hard Disk Sector Layout 


eeiamaaest Loco 


ID Field > ene fee Data Field = 


; “t — “are one vas iit 
Vi 


a A 


Low Level 


Fo rmat 7 Written ———___—__—_—__ 


Write <«— Read —p» ~<——— Written ——.% ~<+— Read 


Read <— Read —, ~<— Read ————re ~<— Read 


(pe teneneesarentenmeeersieh arsenate saeco eteneunatrirtrnathaapsenseueypaenteshrd- eens netomat pwns eaennt esate gundenesesthstenenn sys rennsreerssney ost gumnesnerymgnretoe-tutnsunesasneunstrtgnateinnsnadaetseeetedesbesarotitneai-s-woratslsnsnnsneusc- nerf sieirhsowersnounqnen nsssentnhhpuneeemnenarhasignasesnmsnsonesastneouts-tvnstehemneniat: Repenininreniwehiaseamiqwneiniun stesasquneuiawnrsivasebiseheniianhhvtetee: inapgutnasmaninAaeenganentnedirehertabtenAnetheeinialiestiehtseeratmnahsiniitieeintrinitanren artnet! awtes-toraiewelthaneenbtrrite-sthPeintet HEMeRSet 
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Read/Write Error Recovery 


Read Error Types 


@ Recovered Error: 


“* Block data recovered using retries or ECC correction 
“¢ Reported with Sense Key 1 
@ Medium Error: 
¢¢ Block data unrecovered after retries and/or ECC correction 


“ Unrecoverable error 
¢¢ Reported with Sense Key 3 


Note: SCSI Provides several mode parameters to control how the drive 
handles R/W errors. 


<I SR RTC TTT STEEP AAPENZO SANS POA SN USS SASS a SSS SR fs SP SESE SPOS 5 SPSS SSP 7 hh ETP A AP SE SY SPT ST TS TN TESY A ens eA TNA SEC A SO 
etch ea satoiniancinenmncettti mentee tabuimnsnemitAits me infu atthe rer Pn ERY SCN UI a EPS PS PEST SER PSPS DG PL RE STE tn pt  n A  SEE SET “Tab vrei ance rane Serer Thse-re a ernht tr ieibeeh ntti nre—tpusretrranr rhein Sane TAURI Pe 
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Read/Write Error Recovery (continued) 


Mode Page 1 
dish Error Recovery es 


Bit 
<a 


Page Code = o1h h 


Page Length = OAh 


Read Retry Count 


Correction Span 
Head Offset Count 
Data Strobe Offset Count 
Reserved 
Write Retry Count 


Reserved 


Recovery Time Limit 


Note: See next page for description of bits. 
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Read/Write Error Recovery (Continued) 
Mode Page 1 


Bit 


Name_ Description 


~ AWRE 
ARRE 
TB 


RC 


EER 
PER 


DTE 


DCR 


Knowledge Tek 


Automatic Write Reallocation 
Automatic Read Reallocation 


Transfer Block 
Read Continuous 


Enable Early Recovery 
Post Error 


Disable Transfer on Error 


Disable Correction 


LAPSES AER AEC EE RC TT 
| ORO Ae TT TTT Set CRN matinee trainer rent bess tt tae AH tet nner eee =a atat ted srvareherbennnntel es epnternnnnSE ee swae- presen SEES eng snrregenneshinte-npneenrenseratshiahimenreth shins tr-ehett Anat Opiate tS snentnbthneeANResinimenbirpientthneisnnispantnnnessiidermctinwtasiiie itn 


1 = Reassign Defective Write Blocks 
1 = Reassign Recovered Read Blocks 


1 = Transfer the bad block when a 
Medium Error is detected. 


1 = Transfer all requested blocks, 
ignoring data errors 


1 = Enable correction before retries 


1 = Report CHECK CONDITION status 
for Recovered Error 


1 = Stop after transferring a block with a 
Recovered Error 


1 = Do not use ECC for data 
error recovery 
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Read/Write Error Recovery (continued) 


Read Error Example 


RC ODTE TB PER Error Blocks Transferred Status Sense Key 
nia n/a n/a na none [ [ J [ ][ ]00h o - 
0 O nia O Recovered Error [ | HH [joo o 

0 0 nia 1 Recovered Error [ | J [| joa 

0 1 n/a 1 Recovered Error L | O2h_ 1 

0 n/a 1 a Medium Error | | 02h 3 

0 nla O- n/a Medium Error aa 02h 3 


1 n/a n/a n/a RecoveredorMedium[ [| FR [| | Undefined 


emer a cea RSE TO TE Ma TSE TEA SS ET ST SE Sa CT OO SS tS SSO SO SSP St SPSS SSE SE SEU PS A ES TPES SR PS FPO Sp PD si A ATER, PAS SS SHAPE ICIS SSS TSE TCD ONTENTS, 


aoresoutndnassemaeranshsempabienmant eqsestsstenbaes ine estimate sienatenses mntrtdiraiy.mawuenawrenrrasaiteidpveninasanbinblagieaar te }setarantsitunsennt tine RS hineeNbW7 inatrtaneenusinvGntintRetrrunhi-tiettrentemnseenatet 


KnowledgeTek | Page 3-11 


5/14/96 -SNB/Rev B 


Mode Page 1 Read Error Handling Summary 


[Sense | 
ae ; pad Key = —» Continue 
| 1h or 3h | 
10 potonghiaih jes 
ee . : medium error Ba. 
etries . 
Left aid Key = 3h 
Y ; , 
0 : nvoke Transfer 
; 


Invoke - . 
ECC | Fixed 


Y recovered error 
i us . o ,| Transfer ,.| Sense 
Fixed | >» ARRE DTE Key = th 
™“ N =. 
Retry Error }, ; Sense ; 
Read Repeated ' | PER Key = th 
| Reassign & — 
KnowledgeTek _ a Rage 3-12 
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Disk Defect Management 


nn a ceemnnammnandhenpennmmeaennssnenneememnanuannenaresomemesnraneeromneseaeaenenmsampamanemmmeseaamersnnatianenaemanemeamanieemamenmmanamenmmmnan] 
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Disk Defect Management 


Modern SCSI disks are built with a small percentage of physical sectors 
reserved as spares. 


When a repeatable error occurs at one location, the logical block 
associated with that location is remapped to one of the spare locations. 
The failing physical location is marked defective. 


When Written How Written/Changed 
- Vendor Unique 
- User Cannot Change 
, - Automatic Reassignment 
In Field - Format Unit Command 
- Reassign Blocks Command 


AAT PTE NESTA ESSE epee Tm eT SS SSP A SSP PSS ERS NS Sr PSS hrs ts PE oS PS A A LC CL LCT CAL TLD OIE IC 
 afatnanaereennaaertumetantd Hienatinieinn-reSRMNen wegdacatniet WndtettetetenesstetantAttaeSinnenen Newrteteaianni~t st quvunve Sotmtrtaghinarmte nePtonatseertensertntrtmtameessanfaannrtt setnaensnneettlr ast SSSttSTSteentnaresninsseen tl SS essen stitches eeeynannenseh-sna grosses psmsrnamsenowiriaoet-ennfestsniassapenreste nsainesneseio</uisuatnssReNIOSewsCret innit tte NSrt eden —nsthsennetertnAthnAncatinANASSSERATLhErRNeNRINI St SRSESNin SANSA nin! 
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Defect List 


P-List 
(Primary List) 


G-List 
(Grown List) 


Disk Defect Management (continued) 


# Terminology Reallocate, reassign, remap, map out, replace, spare out 


Good Track 


Sector Sparing 


OOO = nal 


Sector Slipping 


ehyelzf] bos 


Track Sparing 


DOUG is rls 


(Different Physical Track) 
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Disk Defect Management (continued) 


@ Reassigning a block does not reduce drive capacity 
@ Commands Affecting Defect Management: 


¢¢ Format Unit 
“¢ Reassign Blocks - replace block(s) with alternate(s) 
“e Read Defect Data: 

@ Defect Address Specification: 


“¢ Logical Block Address 
¢¢ Physical - cylinder, head, and sector 


}, 


“¢ Physical - cylinder, head, and offset from index (Byte number from 
beginning of Track) 


etre AAO ett SAAN So rs estas rset Erte TO nr SATE STEP > hs eh th SONS sth Rr eh Er PEPE Ss SS TS ROYER MST RO OO Ae AAT At 


tet eatemiaretgmnnivestonenaanirsneg-Ganoesaaetnt anuanasrreanseeceniantnaht ieineinnetieentt tReet satetnenAth saentalineebtepelit ates ttt eersttWeRiNanrainNDAttl MO <oPenetnpmattntcentuaeEneentin mitt at-tntaneene atin tyne FER AAAs arpn voc he ent hr? GER ste ae smhahenateseeneletsenninsetaeuhynusmenrtventenanenedaterneceanseannnewtnetutinibeiiuhusstiteniamentsesteieintdd *ennattfe-nemnanresoreninetedse~ ssnarseevnneesanteanennyenir-ebeainesntpunnjennstrcnvapusstetr tetensanmtnionsernntintitssnrnietsssssiatrfettnbrereeennnsherenmteun senimnn mtiesinntirirtenireirtite ener I 
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Format Unit Command 


Message In 
Bus Free 


SS TT TCT ET A TS I SG BSS SA AS A PS Ss eS Sr i BS Pi PSPC SS PSY Sc SSS SS SEUSS PSPC TOA FINA NUT TAS SEIT aT PW SO PN ESTO IA SSSR SS STASI 
Seeaeeretmrimreereminnieini-ecuanetnemateretveintr ast -nrmeservttieneumate ke pant ASEWrt SS ETNSSonrtsnrensinsen nara esranaatrery—rut roy serens teehee itsSNantsemee-atsarwrsesiv Sassen tssithninand neniuneensanenneninnsnabaee-stlnyseneionaas- nanan palvannassibtenantusintandtaetuiinanstentneneter hiisthanaver sanetastaneesnenrtren-runeueesenninn-suenemnenesnhieiinesiynttannan eunewtaieennenineenanninensiatty Ketdieunintevieeasspeitemtibecuststttan tgnretdsntsnturhaai.nao-0ruatinemees te esteem inrarneateerttheneanaansnsmatrtnrehsherntSTchanr Sannin OPRAH EARNS 
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Format Unit Command (Continued) 


@ Before the Format Unit Command 
is executed, the drive has: 


¢ P-List (if any) 
“ G-List (if any) 


@ Format Unit User Options: 


“ P-List Existing 
“ G-List Existing 


“* D-List Supplied by User During 


Data Out 


“¢ C-List Created During Media 


ertification 
@ Media Certification: 


*¢ Vendor unique media scan normally 


using write and read 


Knowledge Tek 


During Format Unit: 


¢ IfP Enabled Map Out P Defects 

¢“* If GEnabled Map Out G Defects 

¢* If D Supplied Map Out D Defects 

“ If C Enabled Map Out C Defects 
After the Format Unit command is 
executed: 

“* Defect Lists contents: 


+ P-List Unchanged 
+ G-List Enabled G, D, and C 


“* Mapped Out Defects: 
+ All Enabled Lists 
Disabling the G-List causes the old 
G-List to be overwritten 


ean anennenian enesneemmeememniinionesnetenaenainanennmeaeaseentanneegmnesemamaae nraaaeensemmensa ene amen eee re nn agus nnmnmnRREnr me rane meee enum cnc mleneneieeeennnnmneneeeeemmnel 
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Format Unit Command (Continued) 


After the Command 


Format Unit Options 


P-List 
existing 
primary 


Knowledge Tek 


G-List 
existing 
grown 


D-List 
supplied 


| unchanged 
| unchanged 
unchanged 


unchanged 


unchanged 
unchanged 
unchanged 
unchanged 


unchanged 
unchanged 
unchanged 
unchanged 


unchanged 
unchanged 
unchanged 

unchanged 


wiaoned 
Out 
Defects 
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Format Unit Command (continued) 


CDB Format 


Operation Code = 04h 


LUN List Format 
Vendor Unique 
Interleave (MSB) 


Interleave (LSB) 
Control Byte 


aor a es PACOIMA AITO TANNA BATTER RASTA HOMERS Ff i OMS STS ESTES DCS I PE = SSS RS PPP PPS PS SE SOS SOSA AG YE TCT TTF CAT EE TES TU YTS A SEN ARPT IG TET 
—eeemeretenyeteeemaanttimsenatamenmstsinti Gnyramerantneshiysirnreent.etntmmenratmratismtnitit reemiisans wetnhenanantirnayseansemnaneintittatt Seyto—enhtetGe sl betes eerste astianrytietan—es-nan-ouneduttuminannuninitt initninstraneet esse eaten sestatnrn osaseeneansesnennineneecuer aeaent <benatapnntyprurertstnysnesas/h-bneenenmansasens.hseuesentesetesnsrnmontmsenpesnsesmbntensatearrarmmueevunsnee-err/nismantenssenatstnnensanimntittn -anad-ounretenrwanenenatsrnunnrsAersennisneRinting Papen Ata AenR AAO NANOS napster Se eArt A ReAN nar AAALAC Set A 
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Format Unit Command (continued) 


@ Interleave O = Default interleave 
(Interleave is a way of slowing down drives, 
and is no longer used.) 


@ Fmt Data DATA OUT supplied 
Should be set to 1 
When 0, drive may format any way it wants 
(i.e., vendor_unique) 


@ Cmp Lst Complete List (New complete G-list): 
1 = Disable old G-List 
O = Enable old G-List 


@ List Format D-List format: 
0O=LBA 
5 = Cylinder, Head, Sector 
4 = Cylinder, Head, Offset from Index 


ieeerennentterreeprpieresinnrnecrsndinnatntrwnbinvie ‘tert tennant nntennnedenrmrnino-rbemedirw eprom rt lhnp perro unsure FE se aenwr=nrst see nr enter nsneranomnuadr brass oninearsenebentt rena tpptsenenrtyrpnntsrberanhymesstrerehnurbitesnr hr" wpimen-esn ibaa fantetetenrsntesne Beuwenfeerm/et nebrree-btnhlynanesnennreet hovers iestmbwornmentiase-resnaher Bo-tse-bivtr sit ren Ahamses-ouvenn erm emma Baetneman| Ke teresenir Sone 
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Format Unit Command continued) 


Data Out Format 


Bit) 7 6 1 
Byte 
0 Reserved H 
. | 4 
2 Defect List Length (MSB) d 
e 
3 Defect List Length (LSB) : 
Initialization Pattern (if any) 
ie (Normally not supplied, self-describing) | 
Defect Descriptor(s) (if any) D-List 
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Format Unit Command (continued) 


@ FOV 1= Format Options Valid 
(Must be 1 for bits 2-6 to be valid, else 2-6 settings are vendor_unique) | 
@ DPRY 1 = Disable Primary List 


@ DCRT 1 = Disable Certification 
@ STPF 1 = Stop on Defect List Error 
(When a defect list cannot be read) 
@ IP 1 = Initialization Pattern is supplied 
@ DSP 1 = Disable Saving Mode Select Parameters 
@® IM 1 = Immediate Mode 
@ VU Vendor Unique 


ATTEN A EL TE SS PSS pS OSS EN sm GPA SSS PSSA SEUSS SSSI Ps SANSUI AP FON PURE ne nr OW EP A SPMD TTR SAAT Me ASP YAS PNT 
Sosemeemnenenintaaeneniieteataibeb ine emmmaemaebatnetetabadmabeniaebbeneeaeenatamnamsntineceatonnmentnner career onneememmeraemmmcaretummertnameannamanemer erzamecnar soesaemamaammonrcncnecaeannacneneecen epee ne aaacaenetr toncmamnerrerareaneepeananee nee me ey 


ientenaenvetebictemhre! ieememvimtbthn mithietiedimcnsietiens SDEAAOGeMT ate inc Enea Ath PaieeTeCTIE RYN TMOARRE PH SSIMNNSOT MIRAE SCS UM at IO ARATE 
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Format Unit Command (continued) 


Hard-Versus Soft-Sectored 


Hard-Sectored Drives Soft-Sectored Drives 


@ Sector ID's written at factory only and @ Sector ID's written at factory and in 


not in field field 
@ Sector size not changeable @ Sector size changeable 
@ Logical block = 1 or more sectors @ Logical block = sector 
@ Format Unit does not write Sector ID's = Format Unit may write Sector ID's 
@ Format Unit normally takes a short @ Format Unit normally takes a long 
time time 
@ Becoming more common @ Becoming less common 
512 Byte sector - default ee ee 


1024 Byte sector - soft sector Cee 
1024 Byte sector - hard sector a 
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Format Unit Command (continued) 
Practical Considerations 


@ “Format” is used to describe several types of operations. Most common: 


“¢ Low level - assigns sector locations and write ID fields. 


¢* Format Unit - used to assign LBAs to physical sectors, including 
reassignment of bad sectors. 


“* File System Format - creates partitions and directories for organizing 
data on the drive. 


@ All user data on the disk is normally lost after SCSI FORMAT UNIT. 
@ Execute SCSI Format Unit if Block Length or Mode Page 3 changed. 


@ SCSI Format Unit in the field may cause performance improvement due to 
reasigned blocks (sector sparing normally changed to sector slipping). 
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Physical Medium 


Specifications 
Diameter 120mm 
Sides Recorded 1 
Track Geometry Single spiral track, beginning at the center of the disc. 
Tracks-Per-Inch 16,000 
Data Capacity Approximately 550-630 MB (“63 minute” disc) 


Physical Sector Size 2352 bytes 

User Data Format 2048, 2328, or 2336 bytes/sector 

Transfer Rate 150 KB/sec...1x speed, must be used to play 
digital audio 
600 KB/sec...4x speed 
1200 KB/sec...8x speed 


RPM Variable, to maintain constant linear velocity of data. 
Ranges from about 200 to 480 RPM for 1x speed. 
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Logical Sector Formats 


98 sets of 6 stereo audio samples 


Audio 1/75 of a second of playing time 
Mode 1 Sync} Block Address (3) User Data ECC (276) 
D t (12) Mode 1 (2048) EDC | Space : 
Min | Sec } Block | (1) (8) |P parity| Q parity 
— 
Mode 2 Sync | Block Address (3) All User Data 
Data (233 6) 


(12) Mode 2 
Min | Sec | Block {| (1) 
(1) | (1) 
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CD-ROM Commands 


_ @In addition to the commands defined for all SCSI devices, the following 
are defined in SCSI-3 specifically for CD-ROM devices. 


Command Name Operation SCSI 
: | Code Type 
Load/Unload CD A6h O 
Mechanical Status B8sh M 
Pause/Resume 4Bh O 
Play Audio (10) 45h O 
Play Audio (12) A5h O 
Play Audio MSF 47h O : 
Read CD BEh O Command implementation |; 
Read CD MSF B9h M is mandatory 
Read CD Recorded Capacity 25h M 
Read Header 44h M Command implementation 
Read Sub-channel 42h M Ss OpHOne! 
Read TOC 43h M 
Scan BAh O 
Seek 2Bh M 
Set CD Speed B8h O 
O 


Stop Play/Scan 4Eh 
KnowledgeTek 
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CD-Rom Command Notes 


@ Data ona CD-Rom can be addressed in 2 ways. 


“+ LBA- Normal SCSI logical block addressing 
“* MSF - Minutes/Seconds/Frame. An MSF address defines an offset from 
the start of the disk or track in terms of audio playing time. 
1 frame = 1/75 second of playing time. 
@ PLAY AUDIO causes the drive to read audio data from the media and 
direct the audio stream to a speaker port. It does not transfer data 
across the SCSI interface. 


@ The standard SCSI READ command is only valid for 2048 byte data 
blocks. READ CD permits the host to retrieve data of any valid block 
size as well as header, subchannel, and ECC information. 
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Optical Memory Devices 


@ SCSI-2 and SCSI-3 
@ Similar to Direct Access Device Commands 
@ Typically for Eraseable (Reversible) Optical Drives 
@ Check Condition Status with Blank Check Sense Key if 
¢¢ Reading Blank (Unwritten) Block 
“¢ Writing Previously Written Block 
@ Additional Commands: 
Erase Command (10-byte and 12-byte) 
Medium Scan Command for finding Written or Blank Blocks 
12-byte Commands to Read, Write,... 
Update Block Command - see SCSI Standard 
Read Updated Block Command - see SCSI Standard 
“* Read Generation Command - see SCSI Standard 
@ 3.5" and 5.25" media is standard 
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Processor Devices 
SCSI Bus 


Send Command 


I7/17 | 16/T6 


Send Command 


Processors normally support Initiator Mode only. 


lf Target Mode supported, should respond to INQUIRY command as device type 
03h, Processor. 


Must support SEND command; may support RECEIVE. 


No standard for data length or format. Must be defined and interpreted by 
software in the processor. 


Used to implement processor clusters or to support AEN (described later). 
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Medium Changer Devices (Jukebox 


Data Transfer Element 
(Tape Drive, etc.) 


Import/Export Element 
(Window, Entry/Exit, Insert/Remove, etc.) 


Read/Write 
Commands 


Jukebox 
Controller 


Move 


Command Medium Transport Element Storage Element 
(Cartridge Handler, Robot, Gripper, etc.) (Shelf, etc.) 


@ Elements have unique element addresses 


@ Data transfer elements can be independent SCSI targets or logical units of the medium 
___changer device 
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Typical SCSI-2 RAID Subsystem 


SCSI 
Bus 0 


Configuration 


10 Control and SCSI — 
Host Data S Bus 2 
M t : 
anagemen scsi 
Bus 3 


Typically capable of RAID 0, 1, 3, and 5 configurations. 


@ 

@ Uses standard SCSI disk commands to access data. 

@ Uses vendor unique commands and mode pages to manage configuration. 
® 


Controller may translate both LUNs and LBA's depending on the configuration used. 
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SCSI-3 Disk Array Example 


SCSI 
Bus 0 


SCSI 


Bus 1 
Storage 


Array 
Conversion 
Layer 


To 


SCSI 
Host 


Bus 2 


SCSI 
Bus 3 


AamQOD> 


SCSI 
Bus 4 


CW 


@ New device type, controller, defined in SCSI-3. 


@ Standard command set defined to support disk array 
configuration and management. 
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SCSI Tape Device 


Recording Modes 
Fixed Block Mode 


SOD DODO ae ae 


BOT BOD EOD EW EOT 
mor Block Mode 
BOT s | a | 


BOT Beginning of ian 

EOT End of Tape 

BOD _ Beginning of Data (also called Load Point) 
EOD Endof Data 

EW Early Warning (normally for write) 

FM Filemark 

SM Setmark (typically shorter filemark) 

B Block (Fixed or Variable Length) 
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SCSI Tape Devices 


Basic Recording Types 


BOT Serpentine Recordin EOT 
BOPO Ewo ————> EOPO 
EOP1 ¢———_- Ew —— BOP1 


BOP2 
EOP2 ¢— EW2 


eel 


BOT Parallel Recording EOT 
" — —)-———_—> 
> ——> SSS Se =) 
BOP O: a EW ee ee EW EOP 
>) > 
BOT Helical Scan Recording EOT 


- Telit’ 


Tapes may be partitioned into independent recording areas. | 
BOP = beginning of partition, EOP = end of partitionm, EW = early warning 
Use Mode select command or Locate command to switch partitions. 
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Tape - Read Command 


Bus Phases 


Arbitration 


Message Out 
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Tape - Read Command (continued) 
CDB Format 


Bit 7 2 
Byte 


Operation Code = 08h 
LUN Reserved 
Transfer Length (MSB) 


; ot Transfer Length 
Zz Transfer Length (LSB) 


Control Byte 


Note: See next page for description of fields. 
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Tape - Read Command (Continued) 


@ F: 1= Fixed, 0 = Variable 
@ Fixed Block Mode 
* Setup using Mode Select Block Length = N 
F-Bit = 1 
Transfer Length = Number of Blocks to Read 
Can Read Multiple Blocks at a Time 
@ Variable Block Mode 
“¢ Setup using Mode Select Block Length = 0 
“* F-Bit = 0 
¢¢ Transfer Length = Number of Bytes to Read 
* Can Read One Block at a Time 
@ SILI: Suppress Incorrect Length Indicator 


“¢ Variable Block Size Only 
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Tape - Read Command (continued) 
Error Reporting 


Read CDB __ Error Condition 
Type 
Vw/o SILI Requested Length 
not equal actual Length 


Any Filemark or Setmark 
encountered 

Any EOD encountered 

Any _ EOT Encountered 

F Tape is Variable Mode 

F SILI bit is setin CDB | 


Knowledge Tek 


Sense Key 

No Sense, ILI 

No Sense, FM 
Blank Check 
Medium Error, EOM 


Illegal Request 
Illegal Request 


Information Bytes 
(Sense data bytes 3-6) 


Residue in bytes 


Residue in blocks or 
requested length in bytes 


Residue in blocks or 
requested length in bytes 


Residue in blocks or 
requested length in bytes 


None 
None 


Tape 
Position 


After 
Block 


After 
FM or SM 


At EOD 


Undefined 


Unchanged 
Unchanged 
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Tape - Read Command (continued) 
Fixed Block Error Handling Example 


__|81)B2| 64) 85/86] Be = 


BOT BOD FM3 FM7 EOD EW EOT 


Command _ Position Status Sense 
Rewind at BOD OOh 

Read 3 Blocks after FM3 02h FM 

Read 3 Blocks after B6 OOh 

Read 3 Blocks after FM7 02h FM 

Read 3 Blocks at EOD 02h Blank Check 
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Tape - Write Command 
CDB Format 


Bit 
— 


Operation Code = OAh 
Transfer Length (MSB) a 
Transfer Length 
Transfer Length (LSB) 
Control Byte 
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Tape - Write Command (continued) 


Bus Phases 


Unbuffered Mode Buffered Mode 
Arbitration 
Message Out 


Data Out 
Write Data : 


on Medium [Status 
Message In | 


Bus Free Write Data 


on Medium 
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Tape - Write Command (continued) 


© Buffered/Unbuffered - Mode Selectable with Device-Specific Parameter 
in Mode Header 


@ Buffered mode error handling: 


Errors detected after Bus Free are reported on subsequent command with 
Check Condition status 


Residue in Information Bytes (Sense data bytes 3-6) = Unwritten Blocks 
(Bytes), Filemarks, and Setmarks 

* Deferred error code (71h) in the sense data 

Use Recover Buffered Data Command to retrieve unwritten data 

@ Flushing buffered data to media: 


“* Use Write Filemarks command with 0 filemarks, or any tape motion non- 
write-oriented command (e.g., Rewind) 
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Tape - Write Command (Continued) 
Error Handling 


Error Condition Sense Key 

Protected Medium Data Protect 

Early Warning No Sense, EOM 

End Of Tape Volume Overflow, EOM 
Write Fixed in Variable Mode Illegal Request 
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Other Tape Commands 


Write Filemarks Mandatory. Specify Filemark Count in CDB. 
O Filemarks Flushes Buffered Data. 
Option to write Setmarks. Immediate Bit. 


Space _ Mandatory. Space Blocks, Filemarks 
(Setmarks), or End-of-Data. 
Space Reverse: Two's Complement Count. 


Erase Mandatory. Short/Long Erase. 


Load/Unload Optional. Load/Unload Bit. Immediate Bit. 
Retension Bit. 


Prevent/Allow Optional. 
Medium Removal 


Locate Optional. Position to LBA. 
Change Partition Option. 


Rewind Position tape at the beginning of the currently 
selected partition. 


Read Reverse Optional. Reversed Data Bytes Returned. 
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This page is intentionally left blank. 
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Physical and Electrical 
Characteristics 
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KnowledgeTek 


SCSI Connectors 


@ Different connectors are defined for shielded and unshielded cables 


@ The SCSI-2 standard defines two 50 pin connectors for each type of 
cable: 
“* Low density - Large, pins widely spaced. 
Also called informally a “SCSI-1” cable. 
¢¢ High density - Small, pins closely spaced. 
Also called informally a “SCSI-2” cable. 
@ . The SCSI-3 standard defines a 68 pin high density connector for 
shielded cables and a 68 pin high density connector for unshielded 
cables. 


@ Several other connectors and pinouts have been used for the SCSI 
bus. The SFF committiee maintaines a large set of connector 
specifications available from SFF FaxAccess at (408) 741-1600. 
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SCSI Cables 


@ A SCSI bus appears electrically to be a single set of conductors from 
one end to another. Physically it may consist of several individual 
cables connected together. 


@ A shielded cable has a conductive material, such as metal foil, 
surrounding the signal conductors and connected to ground through a 
metal connector shroud. This protects the signals from radiated electro- 
magnetic energy (EMI). Shielded SCSI cables are normally round 
bundles of twisted pair wires. 


@ An unshielded cable has no protection from EMI. Unshielded SCSI 
cables are normally flat ribbon cables. 


PSE SN EET EP PPE RP IR SESE ED ES ASE 
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SCSI Connectors 


50 Pin A Cable (Narrow Bus) 


High-Density Shielded High-Density Unshielded 


Low-Density Unshielded 


(oOo oODoOoOooo ooo oo SE 
a a a CC 


[m 
OO 


[mi {m 


iO 
OO} 


Oo 


Low-Density Shielded 


LT sisccasece caseesiniacerecanedd 


(Connectors shown approximately 2X actual size) 
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SCSI Connectors (continued) 
68 Pin P Cable (Wide Bus) 


Shielded 
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SCSI Electrical Interface Types 


@ Two electrical interfaces are defined. 
@ Single-Ended Drivers, Receivers, and Terminators 


“* 6 Meters Max, for 5 MB/sec systems.. Tighter limits for Fast and Fast-20. 
“* Most Common. 
¢¢ In-Cabinet Application. 

@ Differential Drivers, Receivers and Terminators. 


“* 25 Meters Max, regardless of bus speed. 
“*« More Expensive. 
“* Consumes More Power and Board Space. 


@ All devices on a bus must use the same type of electrical interface. 


ie SAR SS AE te ATTOSECOND PTO SSSI POSE 6 er gE A EER EST SS 7 RES SD OPFOR WFAN PED AOE TEREY VP  PPBONTOAOI TET A TIA POR WE tt 
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Terminator 


& ‘ 


© 


@ Plug-N-Play requires auto termination. 
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Termination Devices 


SCSI Daisy Chain 


Device 
(initiator 
or 
target) 


Device 
(initiator 
or 
target) 


Device 
(initiator 


Device 
(initiator 
or 
target) 


Terminator 


At ends of cable 
Internal and External packages available 


Internal packages may be programmable (supply/don't supply 
Termination) 


SCSI standard describes two possible types of Termination, Passive 
(alternative 1) and Active (alternative 2) 


Other types also used, e.g., current mode and diode clamped 
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Passive Termination Devices 


Single-Ended 
+5V (TERMPWR) 
(pin 26) 


220 Ohm 
-Signal 


330 Ohm 


Tenement etneneinninleeamemememneseatesneetabetiominemetbimmnieneeanemereliaieneneenen aaiemmeemnenemuemmamenadiememmndmentanieneammesnasbadeindebedmeataiannnenrementemmmmanengmmneraniaiee seen stameameiunenanaeenitmeeatanenncanaeaanamnncunenaemimenanen name damnaieane ama anhaeaunmmaenmmnnenenosenceanne tueetmemmm aan aemenememnaseeceeeri- nei recncaneeeacnnaneeer mura cre a care Teen" mmcea acon Lemrecac os "toencoeemme nee acme eminem eae meemientan deemmeenemnemeneees meemeaemmaeneiaiemeenennemennnnianmamiammadienimmnimsnaimiiaimeinnia 
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Differential 
+5V (TERMPWR) 
(pin 26) 
330 Ohm 


-Signal 


150 Ohm 


+Signal 
330 Ohm 
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 emnonumed 


Active Termination Devices 
SCSI-2 Single-Ended Alternative 2 


= TERMPWR 
(pin 26) 
110 ohm 
—\WAA-——-—— -Signal 
110 ohm 
| — -Signal 
LVin _ | Voltage Vout 2.85V ° : 
| Regulator . : 
4.7uF 2°uF +0.1uF 110 ohm e 
| Vadj | | —AA-—————_ -Signal 


ake A ARN OPPO AS SD ORCA A 5 PEN PPR SE FAAS PP EEO HS TE NESE TT SS CPC PSE A ACI SE PTE SSE Sh aA ESERIES SAYA PP FE EEF RA 
errno etneettetrne ltt Serena there een a etter ena eprt af pensar RPE NRG PPE AE 7 TY Sr HEAR FRET ESE PC SPP 
neceapniqaabseenssennvessemmanntint soceasamnninyairsensctnenaseetnessiomtepan rants nasiysnsenpnetennerpubesttesramesubntysecuinmtent pheno enyautnriiteninaeanasesinneietteis 
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Terminator Power 


@ Initiators must supply terminator power to TERMPWR. 
@ Targets may supply terminator power. 
@ Atleast one device must supply terminator power. 
@ Terminator power must be supplied through a diode or similar device to 
prevent backflow of current. 
@ Fuse protects against accidental grounding. 
Vcc —— TERMPWR 
(pin 26) 


Optional Fuse Diode Optional Jumper 
(typically self-correcting) 


La seeneederanerenndeneinemesaomenenaennmmnianeas eociemeaeetesneameeemmememnaamenaesaanaasmnenenmiaeemammrenteeedamentemamnaraneeasamnaeemsentmnemmmeeemrenene chiar eateamerane tee aera senetemeem nates 
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Cabling and Termination Example 


Shielded Cable 


Internal 7 
Terminatio #————_————— 


External 
Terminator 


= a 
Sy / 


SCSI 
Device 


SCSI 
Device 


Unshielded 
Cable 


Enclosure Enclosure 
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SCSI Signals 
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Signal Values 


@ Single-ended is active-low 


Undriven | Deasserted | Asserted 
| | 


@ Differential is active-high 


“¢ i.e. + signal is more positive than - signal 


XX 
off doce RSNA 
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Signal Values (Continued) 
Types of Signals 


@ OR-tied Signals: 


«- Asserted (true): 
+ One or more drivers are asserted. 
«*« Deasserted (false): 
+ Terminator bias circuitry pulls the signal false. 


@ Non-OR-tied Signals: 


“* Asserted (true): 
+ One driver is asserted. 
«e Deasserted (false): 
+ Terminator bias circuitry pulls the signal false (open-collector). 
or 
+ Signal is actively driven false, (active negation drivers). 


EAE PUN RPE A EN PE Pe STEP A 7 a SEO i SERPS ES AFTER PC En SSE ES SVT ERE NCAR EOS RSS [DCR SI PSS SERS ERD RSE OE SIND AS 
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Bus Signals 


Introduction 
(* = Or-Tied signal) 


Signal Name Source Usage 

Control Signals (9 total): 

RST* RESET L&T Reset Bus 

BSY* _ BUSY 1& T Bus Busy or Idle 

SEL* SELECT 1& T Select or Reselect 

C/D* CONTROL/DATA T Information Transfer Phase 
/O* INPUT/OUTPUT T Information Transfer Phase 
MSG* MESSAGE T Information Transfer Phase 
REQ REQUEST T Transfer Byte 

ACK ACKNOWLEDGE | Transfer Byte 

ATN ATTENTION | Request Message Out Phase 
Data Signals (9 or 18 total): 

DB(0-7)* Data Bus L&T ID's or Bytes 

DB(P) Parity (Odd) L&T Transmission error detection 
DB(8-15) Upper Wide Data Bus L&T ID's or Bytes 

DB(P1) Upper Wide Parity (Odd) 1&T Transmission error detection 


SR AT ERAENE NSTI PSNR SDAA ORE PS PTSD ep hc Rng sp A A SS Fe SS EI tS FESS, SSA SREP OE PSR AP SEERA AG ATER SETA SOA SES ORMETT AEST PT EI 
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Knowledge Tek 


single-Ended 
(- means active low) 

Signal Pin 
GND 2 
GND 4 
GND 6 
GND 8 
GND 10 
GND 12 
GND 14 
GND 16 
GND 18 
GND 20 
GND 22 
Reserved 24 
(SCSI-1=GND) 


“A" Connector Pin Assignment 


Signal 
-DB(0) 
-DB(1) 
-DB(2) 
-DB(3) 
— -DB(4) 
-DB(5) 
-DB(6) 
-DB(7) 
-DB(P) 
GND 
GND 


Reserved 
(SCSI-1=GND) 
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“A" Connector Pin Assignment 


(Continued) 
Ssingle-Ended 
Pin Signal Pin Signal 

25 open 26 TERMPWR 

27 Reserved 28 Reserved 
(SCSI-1=GND) (SCSI-1=GND) 

29 GND 30 GND 

31 GND 32 -ATN 

33 GND 34 GND 

35 GND 36 -BSY 

37 GND 38 -ACK 

39 GND 40 -RST 

41 GND 42 -MSG 

43 GND 44 -SEL 

45 GND 46 -C/D 

47 GND 48 -REQ 

49 GND 50 -1/O 


anette ninararereescnetenine stag ARATE nM at ROL 
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“A Connector Pin Assignment 


(Continued) 
Differential 
(TRUE = + SIGNAL more positive than - SIGNAL) 
Pin Signal Pin Signal 
1 GND 2 GND 
3 +DB(0) 4 -DB(0) 
5 +DB(1) 6 -DB(1) 
7 +DB(2) 8 -DB(2) 
9 +DB(3) 10 -DB(3) 
11 +DB(4) 12 -DB(4) 
13 +DB(5) 14 -DB(5) 
15 +DB(6) 16 -DB(6) 
17 +DB(7) 18 -DB(7) 
19 +DB(P) 20 -DB(P) 
21 DIFFSENS 22 GND 
23 Reserved 24 Reserved 
(SCSI-1=GND) (SCSI-1=GND) 


A LLL CEE SCE CS eT Er TE eI PP A STEPS PURSE SS OAT SSS Sree SO Sec tnS I | 
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“A Connector Pin Assignment 


(Continued) 
Differential 
Pin Signal Pin Signal 
25 TERMPWR- 26 TERMPWR 
27 Reserved 28 Reserved 
(SCSI-1=GND) (SCSI-1=GND) 
29 +ATN 30 -ATN 
31 GND 32 GND 
33 +BSY 34 -BSY 
35 +ACK 36 -ACK 
37 +RST 38 -RST 
39 +MSG 40 -MSG 
At +SEL 42 -SEL 
43 +C/D 44 -C/D 
45 +REQ 46 -REQ 
47 +/0 48 -/O 
AQ GND 50 GND 
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“P™ Connector Pin Assignment 


Single-Ended 
Signal Name Cable Conductor Number Signal Name 
GROUND 1 2 -DB(12) 
GROUND 3 4 -DB(13) 
GROUND 5 6 -DB(14) 
GROUND 7 8 -DB(15) 
GROUND 9 10 -DB(P1) 
GROUND 11 12 -DB(0) 
GROUND 13 14 -DB(1) 
GROUND 15 16 -DB(2) 
GROUND 17 18 -DB(3) 
GROUND 19 20 -DB(4) 
GROUND ot 202 -DB(5) 
GROUND 23 24 -DB(6) 
GROUND 25 26 -DB(7) 
GROUND 27 28 -DB(P) 
GROUND 29 30 GROUND 
GROUND 31 32 GROUND 
TERMPWR 33 34 TERMPWR 
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“P” Connector Pin Assignment 


(Continued) 

Single-Ended 
SignalName_—_—_—Cable Conductor Number Signal Name_ 
TERMPWR 35 36 TERMPWR 
RESERVED 37 38 RESERVED 
GROUND 39 40 GROUND 
GROUND 41 42 -ATN 
GROUND 43 44 GROUND 
GROUND 45 46 -BSY 
GROUND 47 48 -ACK 
GROUND 49 50 -RST 
GROUND 51 52 -MSG 
GROUND 53 54 -SEL 
GROUND _ 55 56 -C/D 
GROUND — 57 58 -REQ 
GROUND 59 60 -(/O 
GROUND 61 62 -DB(8) 
GROUND 63 64 -DB(9) 
GROUND 65 66 -DB(10) 
GROUND 67 68 -DB(11) 


A LS TT Se SET Lt STS SPR AS SS aS? PSS SS i SS en ips A ss Nhs SS VSP P SSNS A ATO CI ET 
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SCSI-3 Interface Timing 


Timing Description 


Arbitration Delay 
Bus Clear Delay — 
Bus Free Delay 
Bus Set Delay 
Bus Settle Delay 
Cable Skew Delay 
Data Release Delay 
Receive Assertion Period 
Receive Hold Time 
Receive Negation Period 
Receive Setup Time 
Reset Hold Time 
Selection Abort Time 


Time-out Delay (recommended) 


Deskew delay 

Transmit Assertion Period 
Transmit Hold Time 
Transmit Negation Period 
Transmit Setup Time 


Fast-20 


2.4 us 
800 ns 
800 ns 
1.8 us 


* 400 ns 


3 ns 
400 ns 
11 ns 
11.5 ns 
11 ns 
6.5 ns 
25 us 
200 us 
250 ms 
15 ns 
15 ns 
16.5 ns 
15 ns 
11.5 ns 


Fast 


2.4 us 
800 ns 
800 ns 

1.8 us 
400 ns 

(5) 4 ns 
400 ns 
(30) 22 ns 
(10) 25 ns 
(30) 22 ns 
15 ns 

25 us 
200 us 
250 ms 

45 ns 

30 ns 
33 ns 
30 ns 
23 ns 


TimingValues 


Slow 


2.4 us 
800 ns 
800 ns 
1.8 us 
400 ns 


(10) 4ns 


400 ns 


(90) 70 ns 


(45) 25 ns 
(90)70 ns 
415 ns 
25 us 

200 us 
___250 ms 
___ 45 ns 
(90) 80 ns 


Asynch 


2.4 us 
800 ns 
800 ns 
1.8 us 
400 ns 


(10) 4ns 


400 ns 


(90) 80 ns 
23 nS 


Note: Values in parenthesis are the SCSI-2 values for the same parameter 
Knowledge Tek 
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Bus Timings 


Winner Winner 
Bus Free Detected Bus Free Announced In Control 
Confirmed 
Losers 
Leave 
| 
Bus Set Delay 
Begin 
Arbitration 
Bus Bus | | 
Settle Free | 
Dela Delay | 
| Arbitration Delay Bus Clear | Bus 
| Delay Settle 
| Dela 
| | | 
| 
| : | 
| | 
| | 
| | 
| 
400, 800 | 1000 | 2400 800 |400 = 5800ns 
(5.8us) 
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SCSI Control Signals - Reset 


@ Any SCSI Device May Reset by Asserting the RST Line for Reset Hold 
Time (25us) min 
@ Hard Reset Alternative (widely used) 
“+ Release All SCSI Bus Signals 
“<¢ Clear Uncompleted Commands 
«* Release Device Reservations 


«* Restore Mode Select Parameters to Saved (or Default) Values 
«+ Post Unit Attention 


@ Soft Reset Alternative (not valid for SCSI-3) 
“¢ Release All SCSI Bus Signals 


«* Attempt to Complete Uncompleted Commands 
“« Preserve Reservations and Parameters 


@ Determine which alternative is implemented using Inquiry command 
@ Either Hard or Soft may be used within a SCSI-8 system, but not both 
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SCSI Control Signals - Attention 


@ Because the Target Determines the Information Transfer Phases, there 
must be a way for the initiator to pass control information to the target. 


@ How 
¢¢ Initiator Asserts the ATN signal during all phases except eunng Bus Free 
and Arbitration 
«* Target Responds With Message Out Phase 
“* Initiator Sends Message Out Byte(s) and Drops ATN on Last Byte 
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Knowledge Tek 


Selection Sequence Revisited 


Handling Attention After Selection Phase 


SCSI-1 & SCSI-1 

SCSI-1, SCSI-2 & SCSI-3 compatible SCSI-2 
[Bus Free 
Ania —) 
Selection _| 

ATN AIN 
Identity 
[Command | 


ee ee 

| ae 
— ae 
| ___—-éBusFree 


i ae 
Bus Free | Bus Free | 
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Information Transfer Phases 


C/D /O MSG =~ Phase 
_ 1 0 0 COMMAND 
C/D 1 Control (Not Data) 1 1 0 STATUS 
a ae 0 0 0  DATAOUT 
sd p ns 0 1 0 DATA IN 
Msg 1 Message 1 0 1 MESSAGE OUT 
0 Not Message 1 1 1 MESSAGE IN 
eee 0 0 1 Reserved 
0 1 1 Reserved 


eee Af A STL APT TTA PAINE RA enn rr ee STRATEN AEA Al eR A EF PP 7 OPT SD PSY aS SS SS SS SSS PS SS Sr PS OTE hE PSP PUTTERS MA 
noe renrtnneneitinat an enna pabantoraratinharerermeactnnndtin Stn epemen enamine ncurses nn ett here errr ne arsenal “varsnrrrworerore ntti reentrant fps ren Rlh j ERYHo7r terrae tes hstrnevarceeeniens trent eget tenet oprnnronermershrravite yer sngranrrrronhtommnab baht 
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Asynchronous Transfer 


eine rae EE OR ASS SRSETPST PRATAP SRCTONS UA TO SN A PTFE Ph ha SPN SP OTE =P ET PET PE PY RPE PSE PP FESS 7S PY SE EPPS SS ESSE PO Et PN PPP SF SP PDA EDA DE AAP RE ET A NTU D 
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Asynchronous REQ/ACK Handshake 


Out Direction 


Skew Delay + 
Deskew Delay 


ACK 


(Initiator) 
1 - Target says: Give Me 
2 - Initiator says: Take It 
3 - Target says: Got It 
4 - Initiator says: Finished 


Note: there are no timeouts in handshake transitions 


SSN NARA TES, SLRS R RA SAA RN S IES PEAY ARS PE Sp er SAT PA A rT RF EP PN SP st SS SSO A A AE SAAR RC SO At REE AE 
 beiprenitbtntcrhgapenreneny tiampammanesectrtinreret 


 taammerrrsten vemeganetneyneumtsanintemaietonsempritnony wtesieteeshitinbeied: ni sitners meteewhveternaewecett-tuiererremete auteurs niente aevreepintsteenssare: atehivest stnarat-—etesanrrenrensredeseresentieerennaner sneanewe-iaiet -beumantsthiemintenerntunadt stat-sennenrrepnpnmnreurttenwssesenrn jnrsemareeetntoneenanngenattensenntumannieamnstahenreshtewnntittiatraniar sniehitnaronsnstannnareraneutr stenrweiranaseetarenebierennrenintatuiaiuneinietyeasathisrl /MeRnirtnatfnnnnmnrsyriaarrrntnrssnithitietriyininihisAimerratinhnunenninrnismnnaiitriniititntettt! aeLime i Diert 
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Asynchronous REQ/ACK Handshake 


(Continued) 
In Direction 


DB 
(Target) 


Skew Delay + 
Deskew Delay 


REQ 


(Target) 


ACK 


(Initiator) 


1 - Target says: Take It 

2 - Initiator says: Got It 

3 - Target says: Finished 

4 - Initiator says: Finished 
Note: there are no timeouts in handshake transitions 
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Bus Signals and Phase Sequences 


I1 = asserted by initiator, T1 = asserted by target, TO = deasserted by target 
- =: not driven (deasserted), IT1 = asserted by initiator and target 


Phase BSY SEL ATN C/D 
BUS FREE . 
ARBITRATION 11 -) - 
— A nM 
SELECTION HoH OH - 
- WoW - 
1 Won 
en ee 


Knowledge Tek 


1/0 


MSG REQ ACK DB(7-0) Comments 


(iid) Initiator Arbitrating 
iid) (IfHighestID) 
(iid, tid) 
I(iid, tid) 
(iid, tid) 


a ne rt nage A gee TS aS $s SPO PE pnts APA PD SSS ESO POAT A ET TS TT TCE 
 ereenearart seneantamesyneseanoneuneunwenennnientotue (ati-ntawehennenets i pupaiane atrmenteewetyeties-nonennrienaeiinne-iinnapenneenranneniit peesintvn pat >tewttenpreertinbar-sohasrfaliht-aeenenetennasStlneehsteesenansat -anwarmeputeasnetenemsentanesne ened dntte-eesees innate seipnnsnsesapnssatennntensenssvaseeva.taupasp-tessne/eeeanennenntrenntstearnanianennnnninniin-asyntentnssindthiirynawnhstetsetserttuigAannRcunan ray euteSe2AUtent asset Teen nt OORT nIranarrinresansumanattin Sry 


Page 4-32 


5/14/96 -SNB/Rev B 


Bus Signals and Phase Sequences 


Phase BSY SEL 
MESSAGE OUT T1 - 
T1 - 
T1 : 
T1 : 
T1 : 
T1 - 
Ti - 
Be Salas T1 - 
COMMAND 


{ 

i 

Vv 
a ee 


’ 
1 
1 
t 
— 
— 
’ 


KnowledgeT ek 


(Continued) 


ATN C/D 1/0 MSG REQ ACK DB(7-0) Comments 
i ™T™1 TO T1 -- . 
1 ™T™ TO Tt T1 - - 


1 Ti TO T1 T1 - (msg) (Message Byte) 
11 T1 TO T1 T1 1 (msg) 

1 T1 TO T1 - 1 I(msg) 

1 T1 TO T1 - 1 - 

- T1 TO T1 - 11 - Drop Attention before ACK 
- T1 TO T1 - - ; 

- T1 TO TO - - 2 

- T1 TO TO T1 - - 

- Ti TO TO T1 - (cmd) (CDB Byte) 

: T1 TO TO T1 1 (cmd) 

- T1 TO TO . 1 I(cmd) 

- T1 TO TO - I1 - 

- T1 TO TO - - : 
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Bus Signals and Phase Sequences 


(Continued) 
Phase BSY SEL ATN C/D I/O MSG REQ ACK DB(7-0) Comments 
DATA OUT T1 - - TO TO TO - . - 
--Pm T1 - - TO TO TO TH - . 
. T1 - - TO TO TO T1 - ~~ (data) (Data Byte) 
! T1 2. SG To TO TO T1 += (Kdata) 
! T1 - - TO TO TO . (1 \(data) 
; 11 - - TO TO TO - 1 2 
“--- Tl = = TO TO TOC CC - - 
DATA IN T1 238-0 6-0 CUT1 CTOC- ; - 
--h T1 - - TO Ti To - -  T(data) (Data Byte) 
| T1 - - TO T1 TO T1 - ~~ T(data) 
! T1206 - =) OOOH STO)C*STT's=Ssd) Ss (atta) 
! T1 - TO T1 TO 7T11 2H - 
! T1 38- - TO T1 TO - 1 . 
aetat T1 - TO Ti TO - - - 


a rt LIS OC A LN TTT TT I TS STS OE TaPSEG ES SS AS SSS 7S PSS Uren Sf Pc SSS pe Er eh si SS es Pes Gi EPSP rh Sh PS TPM ST RST TT TIE OCT TY 
| ertreetrtiowe severeetm memati NAAN eA. A nnn wm tntdenintenmaammensdteddt idiemnenibrenbiirts tbaenersenanee carr ereeee-araetererentnoesnuréniintnant-#7vOunnchre teh tr rns PS rh Perret arses sapere eh easyshare Ahsan PSR AT NAA NNT RSURTE TATRA ER TTT TT 
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Bus Signals and Phase Sequences 


(Continued) 
Phase BSY SEL ATN C/D 1/0 MSG REQ ACK ODB(7-0) Comments 
STATUS T1 - - T1 T1 TO : : = 
T1 - - T1 Ti TO - - T(stat) (Status Byte) 
T1  < T1 T1 TO Ti - T(stat) 
T1 4s T1 Ti TO T1 11 T(stat) 
T1 < % T1 T1 TO T1 OU . 
T1 =: T1 T1 TO : 1 - 
T1 oe T1 Ti TO : - - 
MESSAGE IN T1 -  - T™1 #371 ~=«OT1 - : : 
coe 11 - - T1 71 = T1 - - T(msg) (Message Byte) 
T1 - - T™1 #8671) = (OT1 T1 - T(msg) 
! Ww = = T1 71 #T1 T1 ~~ T(msg) 
T1 Ho T™1 #3oT1 = #61 T1 1 - 
! Th « + Sy at = «H : 
mono TY - T1 26T1) OT - - - 


retreatment senda srenieterinhttanot sda tere arrester rte tfc nents SS PRG OPT Putra reeertren rrsnt-r pes ers Obermeyer pytan uymnsanomascaeonnet A aneiwenhinemechennhiienntanrbeht! Mtnnitenenritin4hthnateteseee—rai/OtsErenerhr sh entrnwVenrenneihietAltnGDehPan—nianuinAstiiAeatatriOtt; ace AAASROntOnSchArcnthyAmAeE AEM ARTIe SETS 
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Bus Signals and Phase Sequences 


(Continued) 
Phase BSY SEL ATN C/D I/O MSG REQ ACK DB(7-0) Comments 
BUS FREE : — = eee -__- - 
ARBITRATION T1 = - - - - - - T(tid) | Target Arbitrating 
——— T1 T1 - - - - - - T(tid If Highest ID 
RESELECTION' T1 T1 - - T1 - - - T(iid,tid) (I/O Indicates Reselection) 
- T1 - - Ti - - - T(iid, tid) 
I T1 - - Ti - - - T(iid, tid) 
IT1 71 - - Ti - - - T(iid, tid) 
IT1 - - - - - - - 


MH = ee : 


cna ene 
eens 
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Bus Signals and Phase Sequences 


(Continued) 

Phase BSY SEL ATN C/D I/O MSG REQ ACK DB(7-0) Comments 

SELECTION 11 11 1 - - - - - I(iid, tid) 

WITH - 1 11 - - - - - I(iid,tid) Wait 250 ms min 
TIMEOUT - 1 1 - - - - - - Wait 200 us max 

- - - - - - - - - End of Selection Timeout 

RESELECTION' T1 T1 - - T1 - - - T(iid, tid) 

WITH - T1 - - T1 - - - T(iid,tid) Wait 250 ms min 
TIMEOUT - T1 - - T1 - - - - Wait 200 us max 


. Z ‘ Z 2 : - - End of Reselection Timeout 


Note: Selection Timeout Procedure avoids connecting to the wrong device. 


TCT LE ES OAS PPE GE rT AERTS Hess Ae SS SP Soest SPP SRV eS FN PES PSA SSRIS PE | PS SS aR 
eee et algal 
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Signal Transitions 
Arbitration/Selection 


DB-P 
Note: During selection DB-P will be asserted. 


Selection | 


Bus Free | Arbitration 


-AeOTS ‘ehpaehor PS PhS EARS Pe SP PA SSS SPS SSS s Sp-S Sft S S  s syuSS Sssss Pssssh SsS S SSSS> PO  S T  SSS S SORSN HOAER 
nid semen OSERTONN! them annem mpsanennetnteral weenie mttiinlten ttneememesentremndtnrstrtnrnuneieremmearaietarey arp if Tutt yeahh era SERN SET Ht Stns are nh En, scetrwr srr eee Sishhnaane tahini apy nership reac ane pcssnhSwpeS Sci peesnrer TnL Err RT TAA tt yamaha srt enmrncceroriehareohca hain si 
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Signal Transitions (continued) 
Test Unit Ready Command 


ACK = OO EPP Pee a _ _ 
a a oe oe oe ee oe oe 


(hex) 1050  ~—80 00 00 00 #00 00 00 © 00 
| Arbitration 
| Selection 
| Msg Out | Command | Status | Msg In | 


a ESE ETP aE ES TE TTP TA EE aA SSDI nt A SS SS SFO SSE SP EP EEE RT NS STONEY ENA TET SCARRED 7ST RARER IDA SRO I EDR EE ETS PE) TEDDY 
Seemesosaietsiemedenenemnntanetientomenopmmenateaniabememamambemnnatientemmentneenmantambemensmmenensorimmmen eeesenmpermmnempene nm emaacmenaiemnerasenanaeen or anensanccemectemamaee ema accececaueananae ranoeeeereanenee eee amenenmma acre neem cin ence mm epervearentns peaopenmenn-niinarurimees #irtintimretotirthionh? tecrremrennrsnst ein asesermanter +7 Nebthrronopheeaneesshatendiacebshhhhe napa 
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eR TTS TP OATS AAA SERED REI RASS AT NEARS OS ES SSAESY SANIT nS? er SS ee Ar PO a SR re A PGS 7 RP PPE TEA AE FS ES I I I aH 
‘—aervereereemmenenttnanemneeneemmebitie Shhepramysncheennpasnthanaewnvanininnurtiansttn enrtoOenat sbtpastypan—resptetanatarasneesesaten wnteeamtinaitt H te fi shteshaamnitnn ehivtepenete eRe 
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Synchronous Transfer 


ET TA TE TS SSP SA ER APA SPUR nf SEP NUTT PE ES NSPE ESAT ih SI pr FN SPAS ES 
sa onernemtemte.nneeaeuemerwumsainantnsitouns mates parades sterranenansinananussntues mein sheueinusaient-ireanere-ontnsiernedmrmnneteetasetemniessee: ene tenarsaeamnatennntennnssivenhesrnurareaeteisiesunnenneenaawensnese.ochnstestureeess-tes.snainanuods-toeeanuesusaemssedeataweenateeseeseenndnatthentent wate tn-enbennnsiersseattet-seseorssniensennnsiter nenntasshiccnvsampttnrihpeantntswin nrmunieee eannannhtemnmeneene: sipesanetietennteseshoteaenbanttaes Suennnesniatsabuannes arenas tinrenensenealinitsatntetnttbanntntiOisaitiitubheeirntttiree | PitintaneStinehiattaaleanttanetanminisitnn att 
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Synchronous SCSI 


@ Originally, synchronous SCSI was limted to 5 MB/sec. This is known today 
as slow SCSI. 


@ SCSI-2 added Fast SCSI, permitting up to 10 MB/sec on a narrow bus. 
@ SCSI-3 added Fast-20 SCSI, permitting up to 20 MB/sec on a narrow bus. — 


@ The bus protocol for all three speed ranges is identical. Only the signal 
timings are different. 


rents! eiteananessiatneaneatettatemtietetGarisiemctrnNReNi atid iy ashetum HEbaneet inant TSN tent eer eyReNNPynenentter ete sat fn wr dnmeneyete Saba ed enna te see poensemeneet erences etertnieennsowesefnometeas tananeasnannactuecmnnaetncnamapaesssnit sifwnbnteedaeaserais. tenn nrbiareannneremarnenenatii.antsoveteanntns inant. ean I canst) efter arti aQenm tantraanasliie-aibeaRieocentnenuata SepReney festa 
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Synchronous Transfer Example 


Data In 


Target 


— PERIOD >| 


—— OFFSET ———————_ 


ACK |_| 
<> 


Offset = maximum number of REQ pulses ahead of ACK A N 
A = Minimum Assertion Time 

N = Minimum Negation Time for REQ and ACK 

Period = Minimum interval between two REQ or ACK pulses. 


e$¢¢0 ¢ 
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Synchronous Transfer Example 


(Continued) 
Data Out 
Initiator 
o_o 
t— PERIOD —>| 
reo 
A N 
({—________ oFrset —__________>] 
ee Or on 
d—_p<d—__ 
A ON 


RANTLE, SO RTE LE ICS SINT TT ST PCS SO en rr SS? TV SSA POE ESF PS US fT SPS 7 SSF SS PS Ye PSUS Poy EES i PA TU RST SS SAEED ESTAR EA ME 
encanta ete ee aEt MARR nafneemainrinit me mist payment ritalin ett err teens inka rent perm mip rset reeset SREP Snorer tpn ROP NS -useeetnpspneriweinh wt sb pepe terse trent Aha Re ARUN Ee mr ret YOR A Ee TARA OTe 
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Synchronous REQ/ACK Handshake 


Example with Offset 3 
REO) We eo I Lea ees 


ACK —_JbUUUUUL JOUUULDUUUUUL 


9 10 12 13 14 15 16 


Pending 


Bytes 112233332 3232 32 2 12 38 23232 3232323232 1 QO 


Basic Rules: 

@ ACK is never ahead of REQ 

@ REQ is never ahead of ACK by more than the offset 

@ Number of REQ and ACK pulses must be equal at the end of the phase 
@ Target doesn't change phase until all the ACK pulses are received 
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Slow SCSI 


@ Synchronous transfer with period = 200 ns. 
@ Minimum Assertion and negation times of 90 ns (SCSI-2), 70 ns (SCSI-3) 


|--_——— 200ns Minimum Period ——_—_—_— 


REQ 70Ons Minimum 70ns Minimum 
a Assertion Time Negation Time 
ACK 


Assertion and Negation Times 


TS LETRA ttetAOSAORGAN St SALE eee AAD INANE TESTE SNARE it Ee arent ASO AY SSSR Pups arrears ssh Pe reransrasretrtetiv= PP SPSS SSDs Ss ereNAsW aA tina NARA OReSTn IT HL Trt AA ASEN OT 
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Fast SCSI 


Synchronous Transfer with Period of 100-196 ns. 
Assertion and Negation Periods of 30 ns. 

Up to 10 MBPS Over 8-Bit Bus. 

Synchronous Transfer Negotiation Needed. 


¢¢ ¢ ¢ « M 


Single-ended Implementation Recommendations: 


“* max cable length of 3 meters. 
* active negation drivers for REQ, ACK, and DB. 
“«¢ active terminators. 


\/ 


nmr aeen cose eamrmmeeseneame meant emma meee enchantment nnn nn a aims ameenemencmeacsnene amen me ean mame nana um emenetirsiaedeerentee amen emommmnesieetnbenemnieeaneneeeeenenmneesl eee emeiamemanl 
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Fast -20 


@ SCSI-3 Timing extension to parallel SCSI. 


¢* 20 MB/sec narrow, 40 MB/sec wide. 
@ Basic Rules 
“¢ Negotiate for synchronous period of 50 - 96 ns 
“* Active termination and active negation required (single-ended) 
“¢ 25 pf node capacitance (same as SCSI-2) 
@ Configuration profiles (single-ended) 
“¢ 4 devices with 3 m max cable length 
“* 8 devices with 1.5 m max 
@ Up to 25 m for differential. 


KnowledgeTek 
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Synchronous Negotiation 


Arbitration 
ATN |___ Selection 


Message Out 
identify 
Synchronous Transfer 


ATN 


Message In 
Synchronous Transfer 


Message In 


Bus Free 


TERA A a EN St TC Sf FPR SA EPO SSL PETE a YE SCEPC PE AR ES-ES PSR PASSE AARC AEE PERCE EWS PEED SDD ENE TET AERIS SEATS: AS TOP RSET STE 
enedeneernronreceennheanhec ene inenimerorare ar naremicocp separa AgAaPCTaRSe PRIME Sree zone a WNC ROOST 


Knowledge Tek 


initiator’s period 
and offset 


slower period 
and offset 


[ Bus Free 


[ Arbitration 


[__ Selection ATN 
Message Out 
Identify 
Target’s period Message In 
and offset Synchronous Transfer 
slower period Message Out ATN 
and offset Synchronous Transfer | ATN 
[ Command 
Ei - Data 
[__ Status 
[___ Message In 
[__ Bus Free 
—_s = Page 4-49 
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Synchronous Negotiation (continued) 


A Few Reminders 


@ Offset 


“* OOh = Asynchronous 
«« FFh = Infinite (memory is fast enough to keep up with synchronous) 
@ \|f Synchronous is not supported, respond with Synchronous message 
with offset 0, or Message Reject (07h) message. 


@ Negotiation agreements are invalidated by power cycle, hard reset, and 
wide negotiation 


@ Negotiation with every Inquiry and Request Sense Command is 
Recommended. This protects against cases where the target reverts to 
asynchronous after Reset or power cycle, while the initiator is still 
synchronous based on previous negotiation with that target. 


A ces ETT CEE a PRIS EE PEATE SR OEE CP RS SER SEU pP Ss PES Si SS SSS ao SS SS I SOP SN AY TS PE I TA 
sateen snanetnenmamensesaniin-myasee yeoman tataemnentntngugh mit mii Matstutverinegetinnenns-otn stasis ~nt st smggen ann eamntntinan seigetserunshenpecumer sidneaptes-arunedath sttuanenge: Satter wisest hyper <anqunece.tne these sprunsesentnsteyisinrundr setenrnsepupeeenursn-nmrstinntvhpsmeunensn-snasseanenaaeraratnsstsanmenafesentatseaneaennnnense-nenetentoey-areashfiatsasisiansues.enpempantentsiyitvinrinisninanenyeasstaytnteehnO Ont /uhaneesntteetAanineywROAr nyt SRInAry runs esnhnrsiamctininn ete SS ERI Her 
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Synchronous Negotiation (continued) 
Example with Offset 3 


Description 


Extended Message 


Extended Message Length 


Synchronous Data Transfer Request Code 


Period/4 nanoseconds 


x< awh G 
> = % 


Offset 


@® me=12: 50 ns period 
@ m=62o0r63: 250 ns period 


EL TT CTC TTT CEE SPAR PSEA PASE A PP SP RS SSPE SE ISSCC SPAS PS USSSA SG SSAA PARED a Oh SORBET TDA ES EE 
aa eneeeanmeemennenaen etimneeienmeheneeenimmentabnenameiebendbannetenmenmmmmiotroeennetaninemnenenenemniaemneadensenieoeseemmmmnbaioemntunenmemenemmmememmstenmmmmtmnamnennnomentnanamme a tatrcer nem annennrcmeseman-oaneoe amedameanrenemnemerrane:™eaaancmeneeeciamatae ca =amanareecea car nereateraanec =r aaa anne weet Truro re one ru neuen TOTES ea Oo nn nnn eee ne aaa 
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Synchronous Negotiation continued) 


Multi-Initiator Multi- Target Negotiation Exercise 


Initiator 
(offset, period) 
(15, 125ns) 


Initiator 
(offset, period) 
(64, 50ns) 


Target 

(offset, period) (i, sins) 
__(16, 100ns) 

Target 

Asynchronous (_ i, _ sins) 


Target 
(offset, period) eee ns) 


_(8, 200ns) 


Target 
(offset, period) (__,____sins) 
(12, 100ns) 


a eee am crm gg ae ep arene age Oe 
Knowledge Tek rag ee 


Synchronous Negotiation continued) 


Example 
Device A Device B 
Supported Periods (ns) 50, 100, 150 60, 120, 180 
Negotiate for 50 60 
Agreement 60 | 60 
Transmit at 100 — 60 
Can Receive at up to 50 60 


errr ecemrst tennant aeration nen ornare panes erry rene cab ero enenp ao PnP eA 77 SPRATT HDD ERRORS ISIER RRO DR nrtNSmePownomerhteratnh-tpresnreomete pesca psn hearsntrarhnr ert ban eh rap =nh EVES-p Tbh 9 panther eA aS SEEDS, 


Knowledge Tek | Page 4-53 


5/14/96 -SNB/Rev B 


This page is intentionally left blank. 


ie Senne een ANRC EERE STR Oe NT RR A ES A TT SO TEP SOE REPEAT A SS SRO 7 SEP NY eS rR ANAT AEE SNS ET SO TASCA et LTO 
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Wide Bus 


Serco AAR ny ene REDS eA TE CPE PTS Pa SSS PSO SE SS OE SS ACA SEY ESSA SE ST OCS SEP Sr SS SE EY 
ee nireenaeaareetn et St STO A et RRO ttre rere tt rtm gemets arma urea rasbhrmid-mihnenarrfemntit—inerveionneinmeediesaasse:ioisbowennineoniene-ctepteagunter-premerureri-enneeeneienrechh-ranhtnerw averse aeorrpnane-enanruer arabe tronics en er ren ern Reese eNOS" neiehinneamnewreninaedneenhinel ntewumtpnenntes erramnpumat-bncannientd harbarsentteerppnevetarnrenbeneSntninironstean sh rpnnratrnnrrnrienteeraveinntinhintn tirnpes 
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@ Ais most commonly used. 


Wide Bus 


Summary 
Standard Byte _ Bit Cable Pin Max Transfer Max SCSi Description 
— Width Width Name Count Rate MByte/sec Devices 7 
-SCSI-1 1 8 A 50 5 8 synchronous 
SCSI-2 | 8 A 50 10 8 fast . | 
SCSI-2 2 16 A+B 50+68 20 8 fast & wide with 2 cables 
SCSI-2 4 32 A+B 50+68 40 8 fast & wide with 2 cables 
SCSI-3 1 8 A 50 10 8 fast 
SCSI-3 2 16 P 68 20 16 fast & wide with 1 cable 
SCSI-3 1 8 A 50 20 8 fast-20 
SCSI-3 2 16 P 68 40 16 fast-20 & wide 
SCSI-3 4 32 P+Q 68+68 40 32 fast & wide with 2 cables 
SCSI-3 4 32 P+Q 68+68 80 32 fast-20 & wide with 2 cables 


@ F is used for most Wide SCSI designs 


TS eA SANYO sete Sheree sg SS SSS SSS SS SSS SS fis Ss Ses Sse STA TT TN IS 


ott sence senteeoennsensnteapemmentntsonsepemntt struments <seanesiaersespniaseessmnssneninaretp senate senses oe ade et wipe sarees Afton vanasanianssennwuasuseninpanyacninaeuiannteanatar sennttntntaentntan/taestst-eCtehsiwesen-SirnSnetLReNsnstinsttinanteAi Siento rtt HTIA IIT SMUT nt ae NSN Aa SAA NCTE Hts GN 
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Wide Bus (Continued) 
Two-Byte Wide SCSI-3 Implementation 


@ Single Cable (P-Cable) with 68 Lines 


@ Signals: 
“ Control = BSY SEL ATN RST REQ ACK C/D I/O MSG 
“¢ Data = DBO-7, P 
DB8-15, P1 


Narrow (1-byte) is mandatory, wide is optional, default is narrow 
Wide bus negotiation using extended messages needed to use wide 
Agreements invalidated with power cycle and hard reset 


eo ¢ ¢ 4 


Only data phases may use wide, other information transfer phases use 
narrow only 


Sd 


Ignore Wide Residue message is used when data transfers do not fit on — 
wide boundary 


Le ceeeete asheinanbeseatiedaiseemmeneaenenimenmmemmtameenmtetmmmaeatnemmanatdiemmmnianmmsneneat 
ttc TS “adh rt ER Aree rennet eran terre er eshte anendrmttorcrewrtinshnhenasearbw-r sews earn serrntbby wreath reer pbuh ree geen ena nen ose Rim eataontnenerenaenatrtnn Lerpess-eteuterern-$uneeeseunsnerhis nae/arurenirbinmearaneptsnisin-tewpanéenbentinenaianiner wher inh inaAhbaemantelrars-inewenionrtssuisauum:inmmrnvtnhpsberwinwtshbereinendininhieananaubirntiren 
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Wide Bus (Continued) 


Examples of mixing Narrow and Wide Devices 


device 
ID 5 


Questions: 


| device device 
| ID2 ID 7 


1. If device 5 is an Initiator, which devices can it select? 
2. If device 2 is an Initiator, which devices can it select? 


3. If device 15 is an Intiator and selects device 7, can device 7 
disconnect and reconnect? 


A Ce a TET FEE MTNA EAT RT ET TO I OL RUT mAb mre emrtoratnnmntntnnsnenrrermti-rhiAOt sport rt erry wrenent—Pe ONT Gr se ER SAGER SO Scout woe Rp en Rance /En? Pfs PSPSEnn rr inunoyn/wnr}arereerohenne jen ennsinernhninshnsbernewrrr + beibeiederbat tinh tthe fun A SRR TNT LASTED ATION BAERS DS 


KnowledgeTek | Page 4-58 


5/14/96 -SNB/Rev B 


SCSI Features 


SPO TEA EN EOS UDOT PP RESEDA DE a AE A ELSA EE 
EE A PS EV PP a AEF PO SRN OS POP GE PS i eR FSS TT ED 


sntaaenentennueataiasesneenoyntienrentetnh Rasaeuaneesiebemeyspeneennaamnasetastetastnuuteagt-anttens-eanttngeryieeraaeenetestatamstesngupeunaunnsnet Mukns-ttuvarpesnasuannancunaeeneareantintanessianpiiatis 
eet pstecemtnc ence ronan! rete tone feterraer een rere biti trpad rapes rer rrrent pen nee nara ee farther ansehen ahaa botnets nro bron ommmntahn i TaRinbecheas pinnate 
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Messages 
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Message System 


Types of Messages 


First Byte of Message Message Format 
00h One-Byte (Command Complete) 
O1h Extended (Multiple-Byte) 
O2h-1Fh One-Byte 
20h-2Fh Two-Byte (SCSI-1: Reserved) 
30h-7Fh Reserved 
80h-FFh One-Byte (Identify) 

Byte| Value 


Extended Message Format 


0 Oth 
number of bytes to follow 


see next page 


Seamer Cte ETT ITE TT iT TT SY MS terior anaes Scan ensnicn E/E ern se SSSR oe ESS lh SS ss res pesos hh earn Pv ar SSS AP 7ST AO STE ET TA SAAT HAR 


tomas inate mene deme me tmeneamnit ease iremmannne oncemannannemamnare encnnemorenenmeesinnme e-onnapnennmmemmemene ere—cocmmcminmmna aera nr eznn omer” nT TT Tn nn nn ee ee UU nnn aang erinesenatme taanasim ame natmne tenet mn enmmnentereteammeneceemmeeteeeemeenemmmmndnoutseuseatniosaedeteoseuamemnamneenmmmaumsatemeassenstmmmmmannnstminasademimeieemntedneteabeanieenttal 
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Messages 


Message Code Dir it T Notes — 
Command Complete OOh In M M Command Done - Bus Free 
Extended Message Oth /O O O Multiple Bytes 

Modify Data Pointer §OOh In O O Pointer Management 
Synchronous Transfer Oth VO O O Synchronous Negotiation 
Wide Bus Transfer 03h /O O O Wide Bus Negotiation 
Save Data Pointer 02h In O O Pointer Management 
Restore Pointers O3h In O O Pointer Management 
Disconnect 04h In O O Bus Free, Reconnect Later 
Out O O Request a Disconnect 
Normally not used 
Initiator Detected Error O5h Out M M Parity Error Detected 


so eer tteremmementtmintn td et Ara A RE ALA REET I NSE AAT TARP PPT rrp es 7 nnn rrr seen ores sneer saber trempanannser varser north nernarnrcn sctenp och tnTOESc HNOSPensoAeInerenssss yin AERSESCtsnenh sAhUDethSRenOnTIPOIER Irv nntEErLntdi-eon be pees achy 27 eer earprese emses enter hs eynaeeenhiot prapan: oarsmen israel 
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Messages (continued) 


Message __Code__ Dir ; T Notes 
“Abort O6h Out O M Clear Command, Bus Free Directly 
Message Reject O7h //O M M Inappropriate Message Received 
No Operation O8h Out M M No Msg Out Available 
Message Parity Error O9h Out M M Parity Err During Msg In 
Linked Command Comp. OAh In O O Linked Commands 
Linked C.C. with Flag OBh In O O Linked Commands 
Bus Device Reset OCh Out O M Reset Selected Device 
Abort Tag ODh Out O O Tagged Queueing 


LTT A TRL SS TED ANS ASAT vrrsnsShSLANHN \SEREASEESRS YOK eae fnryemmneremneraiter asset steatnetesnsitrcnsnet bsutPutesan/e-~t PSD per RN WALDO SETUP WAST > pS SS sP pt PeP RaNrt eSr  SSOSrOeS A Cta ACrent Paee te TL 
Toaeehemaeemmommn tem ememateerereeaesnemcernnberreceme ricerca ee ee ener ener Te TORT Oc a eeeeeieeeemnre nen ana rena athena tastes azn tras ass NITE CEOS ar een enn emnatnotasundtenonniete common enna onatmemeanaseaenduneasmantetibaiemmen onamemniesemeniensmenedateininntechinm amen nememmnemmenemimebeneemmtneiaemenanned 
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Messages (continued) 


Message Code Dir | T Notes _ 
‘Clear Queue OEh Out O O Tagged Queueing _ 
Initiate Recovery OFh /O O O Extended Contingent Allegiance (ECA) 
Release Recovery 10h Out O O Clear ECA 
Terminate |/O Process 11h Out O O Terminate with Status 
Simple Queue Tag 20h /O O O Tagged Queueing 
Head of Queue Tag 21h Out O O Tagged Queueing 
Ordered Queue Tag 22h Out O O Tagged Queueing 
Ignore Wide Bus Residue 23h In O O Wide Bus Alignment 
Identify 80h-FFh Out M M LUN, Disconnect 
80h-BFh In M O -_LUN, Pointers 


SoD AAT SA TSS Pe ET SA TT ST TSE SSE SS SO A ET PE Eh i PS ST PP SD EE A ESS SA EEO STRESSES EE TT TE RRS A SE PS SP SE I ST, TS TE ST AT TTT 
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Identify Messages 


Rules to Remember 


@ The first Message Out sent by the initiator after Selection shall be: 


“* Identify, Abort, or Bus Device Reset. 
“«« Any other message will cause the target to go to Bus Free. 
@ The first Message In sent by the target after Reselection is 


“+ Identify even if Attention is asserted. 


Question: Why must the Target send an Identify message during reconnection? 


@ Identify Message In after Reselection implies Restore Pointers operation by 
initiator (described later). 


@ Disconnection Privilege is for current I/O process only and not subsequent 
ones (default is no disconnection if no Identify is sent). 


Se TREE re MATSUO NA TATE OSPR APRESS PRA ROS CS SITET S A Sto SSAA TES eee A SS 7 SP = SETS STS Ss srt Pos FUSS SO A PN EI AA ETD 


KnowledgeTek Page 5-8 
5/14/96 -SNB/Rev 6 


identify Message 
Bits SCA ERE ESD 2 taj oo 


LUNTAR Reserved LUN 


7 1 indicates Identify Message 
6 Disconnection Privilege 
0 no disconnect 
1 = disconnect allowed (invalid with Message In) 
0-5 LUN (SCSI-3) 
5 LUNTAR (SCSI-2 only), normally 0 (not supported) 
0 Bits 0-2 specify LUN 
(Command is for Logical Unit) 
1 Bits 0-2 specify Target Routine 
(Command is for Target Controller) 
For use with Inquiry and Request Sense Only 
3-4 RESERVED in SCSI-2 or LUN in SCSI-3 
Q-2 LUN or Target Routine Number (Vendor-Unique) 


eS SEE SEES STOREASATET SrA SES ASE ADs ETS SE ASRS ZT ESSE PT SES EES SPOS PPS SS ESTE SE EPC SE ESS PA SPS PSS A ES SE PE, RT A PEP SEY VET FERS EES SP "STOTT PET TP eT RET CTT 
ane yaeenTNENEThunte nena. Upn/e>¢ntenpentteenerepntetbse:natteerennitteteeseheepnensirauenuntinnte hse ese oesyntseesensientiasnef-tentsnaahaunresusp esses isnatuit-seurauansantesrinssaiassssefesnruaanasainins-anetypesniruhaspasss-H tar reuters janpussoss snes daun-yapetontumanesspseanteransesaeuateesnntsr asbasemnerntssbeantanninenenhh sunstibebameysaansetencnisasinteriontnte Sesotennnhaness.tennsheteatnnetannsinishepstininpettintstaneninimsnt rt intehiinsttantyhsntbtbhbinnunsaiantehs Mites tadtinaiSruheteievaSNteniinstinetie 
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Linked Commands 


@ Last CDB Byte (Control Byte) 


rer fete 
CS oaaseemmaemaetemaetenm eaten tures taster eteeeetieeneeetetneteeemnmmamen esl aaa emanate anemepmsenenopneenememlndieommaerntnnenne nar eomomertmmmmnmnamamonmmnenmmn nance ene Lame caaaue cetacean nee cmt mr Te ean mn een enema ene 
‘1h aaatememempemaneenpniaanraieeaatenanls edatrenaenent—tetsannnsacsininaRAant arcauiegs manineuinens ptgrimnmeenstnineswenesmmietanntasesmepeniemniaabenll bd state saiterusattnayhttenaaanneahereese /neeewser senses s:stno sates. anee ote seseeeneeieanend sents SRSEDDUp any emanates sateupateweentesnsbanntuir se sihns-ustlsaeltstndé--LAaat omeyetenenassatnsesaenateinsutinarietiiontanth—scsunrahoommnpresestens ate aanaaaratentrrmouninentHerniansueanbuneCireyetsittneneanasatenteaeRmnrntetenh kan jaeensnernnnsmmnsnnnnten saantenturh eivenenin-donhaitalnininm-nnntenishrrtanntitainpenrmmantDy MnAnt EAN 
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Linked Commands (Continued) 


@ Bus Free 
@ First Linked Command 


TET TSP Se Pa Et TES SS A PT EE ES PS I SP FSI POT TRC RTE RSS SSSR, RP SPN AE OP GE SEN | 


Knowledge Tek 


e, 
“° 


\/ 
“~° 


>, 
“9 


o 
“2 


}. 
,° 


o, 
“° 


, 
o,° 


Arbitrate 

Select - ATN 

Message Out (IDENTIFY) 

Command (LINK CDB Bit Set) 

Data 

Status 10h (Intermediate) 

Message In OAh (Linked Command Complete) 
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Linked Commands (continued) 


r---@ Next Linked command(s) 


eae & «+ Command (LINK CDB Bit Set) 
“> Data 
“¢ Status 10h (Intermediate) 
“* Message In OAh (Linked Command Complete) 
@ Last Command 
Command (LINK CDB Bit Clear) 
Data 
Status 00h (Good) 
Message In 00h (Command Complete) 
@ Bus Free 


) 
“° 


o 
“2 


*. 


* 


) 
“° 


TD ARENT AI SETS FE, PEI ESI SE ATSC FESS PSSST SSW Rp rr PS ts i Pe re Ap nt 9 lg PhP PEP SP TTS TT TT TT, ETS NS 
Soemnaneeeneeiummnenanentonenbasnbasincunemnememmnemnarnanbmmmntanasnmrenlocnionmommacenesem-anmmmmmerzcemeerncaeeonnenmemrtoenoazenmantanceerannashoecemnammmmecersaatiscnatenerm mre eer ren tame Trac nn an ea eg Sn nm unenhanced atte cmeiaaeeneeieiaentebibanennedasemmmemnanennenenteneeiatansenctesensimeatioadiemetintelenimnennimaaemenindanl 
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Linked Commands (Continued) 


@ Optional Feature not Commonly Used 
@ For Sending Multiple Commands Without Freeing the Bus 


@ If No Disconnection Privilege is Granted, Then No Bus Free, No 
Arbitration, and No Selection Between Linked Commands 


@ Link Bit in CDB is Used to Link Commands 


@ Intermediate (10h) Status and Linked Command Complete (OAh) 
Message Between Linked Commands - Other Status Terminates 1/O 
Process 


@ Normally the Initiator Does Not Give the Target the Disconnection 
Privilege While Linking 


@ If Given the Disconnection Privilege, the Target May Disconnect While 
Linking 


oa PS TT SP SCR ACR RA SE EA SEPERATE AP STU ST PSE a EE SOON OY SPP IE NR NSA SSE ETA CESS RS SA TT ET ST TTY ELI ONES | FETT TE ST TS TT TT TOD, 
ree eteineneteremnenerrentey eat sree ntact seyret hewn en sree merrier rarer rene rarer ES = TUEPhcnat-1nyrr e nnn rar prev enon ranrieres emo seraenrotnesbppn-nctdten near pbairesunramah hregrvinte.theecinermcnaainnete anit: imerbtnneniaae tnt ibenucnnebineornim swasaensscbanuabatbehuadita hon te Sarina ape ASTON ESE 
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Pointers 


a ceciincatreneraiaaemnmneteaatatiaatanatacuas saan imme tee=scaaien eee oniiaieneemtedaentan aoniemeellaeemieamatenenemmmticisanananemem as catimaniemand 
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Host Adapter Pointers 


INITIATOR TARGET 
Memory H/A Pointers Buffer 


COMMAND 


SCSI 
STATUS Bus 


@ Pointers are allocated by the host device driver and handed over 
to the host adapter. 


@ Pointers move as bytes are transferred during the I/O process. 


CE ENTREE TT EO RPT 1 SSAA Pct SE PS CASO mrestGPSL SSRIS Sr emnynP=T SRS fns SE eri vS Pigs rae  SSe-seee Sgpcrn TPP SS re Sn SG nod S SPSSSU PSST UO TATU Te nN ST NT CTT, OR 
 asemeeenee oniteuannitanbainsmnrtaimyeneestncansestrs reamunasnatetantonnes Oh neettenn speuyaatisyse-¢t0/enqa TERS WRAL PERL ReLnN=OSEG Afni nase tts snensnpenneenastt rsp totnaenren meeedenss/tredtapsu tt gee assunerevsenrsne uss tenets nya ntnnsnomnepensntvnantesspqutenenetn.-StSE 7S PDA Tenney seh eessSanoutahiecnthewanitnaniat neuimanmetttbritabamitt | anametiearethireonsnratnenan tit shale Cuban mentee isnnetehnt Ant NO GLORIES 
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Host Adapter Pointers (continued 


Current (Active) Pointers 


Arbitration 
Selection After After After 
Message Out Command Data Status 


Command 
i > ae 

Data 

Status 
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Host Adapter Pointers (continued) 


Command Pointer 


Before After Restore Pointers Command 
Command Command Message (03h) Retransmit 


seen anne mmm mnneeomcimeniemenmenietammmenen dietieiaemtininimmememneneniommeriesnanoarmimmnemmeimnimmnmnemescrammeqummncn Seam paantaerenrnomnbaieanientemamerantaecinenenammameniammnniae yam namuanaennatanadanaemmemmhammmmnemmntemmnmn ammonmamathanecneeenniontaammmmmmnmmmntememeneetennee_temmaantanenenenmanernmmnmecanmmmnmn reece een ntrceaneteecemeinanemmmmmm ec heeled eennemnmmennamaininmammnnmnnEa 
 weememenrans nasinnimeonamnnneteeraneticneainintsinetunenttinienietiannts wt striae nenuabtertectetesuerrionianeterter meumayasieetenteantatel trunte brett nate stout spenknunenenevesqeht epurenr-evestinettrtintear seeuinsenmutd -eessnieettnnitenunenituretine-enurs+s+onjesieatensanseunenneanrerevresetqapnueisitnatannteunrannantertonbeintretieittateieinteatnaemmunitonurenaioneenetee nethnitihecsanaperehterinnyn qananitithiruninntapninimteipantins tute ttunemnpineaettennant :titateinamauaintioruiton tf4esmetesurmnareatanunabentarutnnsinententetmeeratinsiorrre we nsnenertre merase th atin 


KnowledgeTek Page 218 


5/14/96 -SNB/Rev 


Host Adapter Pointers (Continued) 


Data Pointer 


Before After Save Data After Restore Data 
Data Some Pointer More Pointers Retransmit 
Sayad . Curent Data Message (02h) Data Message (03h) 


TE RE RP nts vv snes se sr Sh SP PT et EcSSPISEDSSESSTAAIVIN SUSAANGAOAOA Ei SS RAS ST RL TE 
sana RAR na enepneneeenenelienetninennenasmeaenanenanendenenamnananenenmnimnenaneinessasnensnnamnanannnaataanenenemanasmnentnndnamennamensenanaasenatenanasnasnamnenasanmnmnnmemenneana emensenamsnesameensanensnetnenmumnstenenamnmesnonenganennemeenaemensanedneammengeannmnanenetnameenensse cnr nreset ease cineasaaToearmnaanagesumasnemaanateenamnnanpensnemennmamsmensner aennaecmnnsenecemnesmenamannnesnscomeeaadaanmmeenmennnmmenmennenamenmnnnsene hememnensneahaeatcanensanansenmnensamenenamesnasnentmemnanenscenenmemenmnemnntannesnsssmanmnenestemsmbemmametacanessensnnenesnsesteesnasmscmnanenas tesasaterodedisssssspenstenesassnacenssssensnummmensaaiaalil 
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Host Adapter Pointers (Continued) 


@ Pointer Set: 


¢“* Command, Status, and Data 
@ Save Data Pointer: 
¢e Saved Data Pointer = Current Data Pointer 
@ Restore Pointers: 
¢“* Current Data Pointer = Saved Data Pointer 
¢* Current Command Pointer = Starting Command Pointer 
¢¢ Current Status Pointer = Starting Status Pointer 
@ One set of Pointers per Pending I/O Process. (Application Client) 


Sane ACOA AS CAS DSP Yaeger Se SS oc SS a rg Ph pP nAFEpA AES SA SPS TTT A AC I CL, OI 
 snevonnas soremensesemttes rast empnnasnt— nent snntatwt ee etennere—rh aires -sstneeaenenneeisAhteteebe ptt nit JRE yea nat PSR sesruN et n-senrasnsmmnatareesenenvanendse Aongentuns inbeeassitsesttestta fs O—TRSan eT ta esTUSSr shh se eSeReertrhew—Ns Pree enssienenrhtmRst etree 


‘mene valhargrorreenitenanenaprvennirtrr mesuaienenanstnattinamemnn sepiaternreerrornitanah egnQanm ie SSORGL Greet Fae nyt AAA 
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Host Adapter Pointers (continued) 


Bus Free 
Arbitration 
Selection - ATN 
Message Out - Identify LUN + Disconnect Allowed 
Command 
Data 
Message In__ - Save Data Pointer 
_ - Disconnect 
ia Bus Free 
' Arbitration 
j Reselection 
‘ Message In_ - Identify LUN + implied Restore Pointers 
1 Data 
Le Message In - Save Data Pointer 
- Disconnect 
Bus Free 
Arbitration 
Reselection 
Message In - Identify LUN + implied Restore Pointers 
Data 
Status 
Message In - Command Complete 
Bus Free 


Lan mentee tnlemennietiareemememmemenatzenen aemmenainmmmeminenndine aemmiindindaistenienenemnemmmnenmetashenindaeiriebaratannidveamiemmnatiniiarsrammmemntneneoniersadiee=sinemaanaedene=aenneceeanmeernmacenarisimene eesti eaanaiasnadenhtaneneiememesenmaemmeateanamertermetmmmaneene beter cmeiamnnenaaaeintemasinteennemmenmnmeen = —ae-meeanemeear enema eneiatearamennineee ses amemanescanenaaedeiian mamemmnetmmiiaedabendinmtemmeneinmeanenteedeammstemamandaaadimmanntindnnd ime ieiemestemneaedeaemmmnentadeataaemnedbanimahdmamnendieiinnemmanmieeiemmaienmmedtane’ 
 iemrerememaneesattete menimmtnaeratrvorrteenstraree-wrte*i nytt reyes ne rer ornstehenstananarntssasenhnaethrennrst-ctnvenpesarcertnoechoyensebtesenent senses sss /urttvrnnw-arey-res. ste ssnunsmars-osssiuseser-ow- esas eassnanetate-vstenseot-bateenreenassntwonhnis nent wserecnesrpasungssnnngesnguubinneqinensteanneecuammpeininite Hasemmmesintinatvescninuhictinn resaeeesnensh matenntesinhtsinanepattens fatmpenesnrecesreesansnmrbhttatepesarannestst-be.stershishiapentanease/etiressnetinaranasneneeberetedaet| 
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Host Adapter Pointers (continued) 
Disk Write Example 


1. Why would the devices disconnect at point 1? 
2. Why would the device disconnect at point 2? 
3. Is this SAVE DATA POINTER message necesary? 


Bus Arb Sel Msg Out] ) Ong Data | | Msgin || Msg a Bus 

Free ( ATN) Identify Ou t Save Data Pt] Disconnect _ 
ea : is reseed 

Bus A 3 | Msg In! ie Oo ine 

Free rb if ) ,oave Data pe ie ine 


Bus | 


CY SEATON SAREE ADIT A Cm ipa cm eeaenrmmnatredae nna SAY ARPT YO USA RSP PS Pe SS SSS SS sit SS tS RP PS PT ST TR A A TET TL OEE IO ACE LC LITE TOE TO 
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Host Adapter Pointers (continued) 
Disk Read Example 


1. Is this SAVE DATA POINTER message necesary? 
2. Why would the device disconnect at this point? 
3. Why would the device disconnect at this point? 


| Msg In Bus 
| Disconnect Free 
Status! | Msg In Bus 
Good} |“™™"°""' | Free 
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First Sector Up (Zero Latency) 


index 
Buffer 


Seek to 0 
Read 0-7 
Return 0-7 


Head 


Simple firmware 


KnowledgeTek | 


Buffer 


Read 4-7 
Read 0-3 
Return 0-7 


Efficient firmware 


Buffer Modity 


odify 


Modify Data Pointer 
Read 4-7 

Return 4-7 

Modify Data Pointer 
Read 0-3 

Return 0-3 


Sophisticated firmware 
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Parity Error Handling 


SCSI Tools Used 


@ Message In O3h 
@ Message Out O5h 
O9h 
® Status 02h 
@ Sense Key 4h 
Bh 
© 
43 h 
48 h 
4Ah 
4Bh 


KnowledgeTek 


Restore Pointers 


Initiator Detected Error 
Message Parity Error 


Check Condition 


Hardware Error 
Aborted Command 


Additional Sense Code (ASC) - in byte 12 of the sense data 


Message Error 

Initiator Detected Error Message Received 
Command Phase Error 

Data Phase Error 
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Parity Error Handling (continued) 


General Summary 


successful} Finish S 
; tatus -__b} Msg In 
—_ recs 
Process 


unsuccessful 
Parity 
Error Bus 
Handling Free 
Options , 
Status Msg In 
02h OOh 


RE AT TT TAR FE TASS CETSICGcN et ASSO en STATES nr AS TE eA EG ES SE PEE AS PP SR SPAS GBS ESSE pr PS ST POSEN Sn OEP PSNR cS 


KnowledgeTek Page 5-26 


5/14/96 -SNB/Rev B 


Parity Error Handling (continued) 
During Data Out Phase 


Target Detects Msg In 
Data Out Parity Error Rest Ptrs A Out 
Options (03h) (Retransmit) 


Target Detects 
Parity Error 


Options 


Status = O2h 
Sense = 4h or Bh 
ASC = 4Bh 


E In OOh 


4 Bus Free 


tein eeiat eateermenemntiirteeeretiihenie heer anenntAditeirehntnsittsirtisnthiremmaen nny sneer pre ree Psst SN nar se TCR ern rr Wh Ut Henne Hs PU eure ahs ne neers hee -UPRNEN I Hr etmeptasverterpnessehrn ttm itt snanarepreneatshannesentn bnthtatahsnt tse evened peteabhin eurtesre-irerarARiP YAW TERENAS PS) MTL ATT AAT RA ARAN 
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Parity Error Handling (Continued) 


During Data In Phase 


KnowledgeTek 


Initiator Detects 
Parity Error 


ATN 


Msg Out 
Init Det Er 
(O5h) 


Msg In 
Rest Ptrs 
(O3h) 


Data In 
(Retransmit) } 


Parity Error 
ATN 


Msg Out 
Init Det Er 
(O5h) 


Status = 02h 
Sense = 4h or Bh 
ASC = 48h 


Bus Free 


Initiator Detects 


AT ATTA SNC EPCRA GSeSAATS SS Seeger acre iterators Shh Ee et SE 7 SPOT PA EE Ps Sh ESI ES SSeS ST ST I TI OS FO A 
Antara parent sant tememerentnr nen paeceitementtas ttt Ray Heir eerae 
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Command Queueing 


SNL LT TL rere eran ra SS a NU A NOSIS Me SS SSSA SPSS "espe an SSS TT ST TT 


reenter ate Har RIERA ATT weer tee reer epee 4 nesters ujnmerionntpmnpenrto se sgasranrivannetratt on oueerenins tet Saran SSG Str vc GS nn orn SPE anton rsnneneNANtrreanpieenetfat mupennentttnety -eesnerutunrvtecsanhowets AamantuneLirtiinnetnabninihsmenhembtnhabtlhierinin-SvtahintintinntinnSAinhAeAMOnSoImteert SANNA; AAAS Ine RTT ASTON 
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Untagged Queueing 


Example 


Initiator (7) | Initiator (6) Initiator (5) 


Target (3) 


L.U. (0) 
Optional feature in SCSI-1 and SCSI-2. 


5 
@ Multiple initiators send one I/O process each, to the same target/L.U. 
. 


ano N 
OO Ww 
oo Oo 


The target queues the I/O process using disconnect/reconnect, instead of 
Ss NIM ES SUMS nh ae 
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Tagged Queueing 
| Process C | 


Operating System 

(Request Queue) 
Request A - LBA 10,000 
Request B - LBA 700,000 


Request C - LBA 200,000 


Process A 


Host Computer 


(Initiator) 
I/O Bus 


I/O Process Queue 
LBA 10,000 Tag OOh 
LBA 200,000 Tag 02h 
LBA 700,000 Tag Oth 


@ Queueing is done at the target 
@ Tags are used to keep track of commands 
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Tagged Queueing (continued) 


@ Types of Queueing: 


Simple Target decides order (e.g., elevator seek) 
Head of Queue Last In First Out 
Ordered Initiator decides order (First In First Out) 
@ Example: Requests for LBA 10,000 700,000 200,000 - Drive is at LBA 0 
Simple 10,000 200,000 700,000 
Head of Queue 200,000 700,000 10,000 
Ordered 10,000 700,000 200,000 
@ Messages: _ 
Code Name Direction 


Tag Simple Queue’ = Out/In 
Tag | Head of Queue Out 
Tag Ordered Queue Out 
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Tagged Queueing (continued) 


Connection 


Arbitration 
It Nexus | ___—Selection 


Message Out COoh 
ITL Nexus ATN identify 20h, 21h, or 22h + Tag 


ITLQ Nexus Queue Tag 


CDB 


Message In 
Save Data Ptr O2h 
Disconnect O4h 


Bus Free 


tte aeneetetiatnnpy innit Sate tenpatsinnpsanitvahteerebstiennretnenedtheindant—ntsetentheesenndnnsert-uaninsnapteetetr—++snnenhiewessdSnsheneemnibsetnpuntntfatsirmuniteresanuneumusnnfannaniniaseeet tts ahsshtnisnanine-earecenunaninnsnspashansbesentannnnussesinamesaieteSheus qremtense-nsansinnsihneesenainearnets shih viaiasnetrrtnrerensenrshensssscentu feast onaribienehintanintetiaes-pnicenntnnysenuet ipapquesstesssenntsutanteerntt: myatinsaoutusansemnapeanbtonanenianans lasseitunenitatisneneninsupienennsin-trwanissetson usanbieinestemeauerinetuinehisanbtniahieniaaane Onin snenatiteanetebelvantartanantnagnsiansenueneineoues toaiinetie 
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Tagged Queueing (continued) 


Reconnection 


Arbitration 
It Nexus 


Message In 


ITL Nexus Identify 80h 
ITLQ Nexus | Simple Queue Tag | 20h+Tag 


Message In 
Save Data Ptr 
Disconnect 


Bus Free 
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Tagged Queueing (continued) 


Mode Page OAH, Control Parameters 


Bit 7 2 1 0 
Byte 


Page Length = OAh 


| 
Queue Algorithm Modifier Reserved QErr /DQue 
ByprtM | Bybths | Revd |RAERPIUAAERP|EAERP 


Reserved 
(MSB) 
Ready AER Holdoff Period --——-————— 
(LSB) 
(MSB) : 
Busy Timeout Period haw 
(LSB) 


Reserved 


Note: Highlighted fields affect Tagged Queueing behavior. 
see next page for definition. 


rea a ET SS SSS PSS: Ae PU Gp Ts PER SES SR SE SS LA SEG 1a MTL tir SRL NL I TE TS TE PETE 
aan naSmneemenemmmannmamanenenartaemamameummronememememmmemrmeteeonet anaemia nena mec am erie nani messiness rn tare arava aoe (Orr 0 ee emrnnesamemnaranseiactentsnns seme smesaeeamesariesen ater tan Tmmmmeneeemmadatatetatemnerentmstemmmddeemeemeenenes"addtoemnanrnenenteteribetemnemmentenmntdt diem seadadistiemeerntidtenttestenntmentaemntitetemeanenmemmmmensend 
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Tagged Queueing (continued) 


Control Parameter Description 


DQue 0 = Enable Tagged Queueing if supported by device. 
1 = Disable Tagged Queueing. 


QErr 0 = Continued other queued commands after clearing (Auto) 
Contingent Allegiance for a command that failed. 
1 = Abort other queued commands after clearing (Auto) 
Contingent Allegiance for a command that failed. 


Queue OH= Restricted reording required. Device must execute 
Algorithm SIMPLE queued commands in a sequence that 
Modifier preserves the sequential integrity of data on the 
medium. 
1H = Unrestricted reordering allowed. 


2H-7H Reserved 
8H-FH Vendor Specific 


Question: Under what circumstances could unrestricted reordering 
cause a problem? 


aE leer EOE gS STERNER SEPT A ESP STP OE A TOCA MO SS SEP AS SBS PA SP I PT A PSG a PEDESTRIAN 
aon ep nana eee eeeeean— nn eentsenattenmeene ema AeT ete: 
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Tagged Queueing (continued) 


More Rules 


@ Ordered I/O Processes are Executed in the Order Received 
(Initiator Order). 

@ Simple I/O Processes are Executed in the Order Determined by the 
Target (Target Order). 


@ Ifa Set of Simple I/O Processes is Received Before a Set of Ordered 
Ones, the Simple I/O Processes are Executed First, and Vice Versa. 


@ Linked Commands Use One Queue Tag, i.e., They are Considered a 
Single I/O Process. 


SSRN RE ETE TT Tr PT SF TT a EE EH EP EC SE PUI ESTES gE ik ARATE AoA I ST SPATE SSIES ETT Ca ETI CSET TNT TEED, 
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Tagged Queueing (Continued) 
Rules 


@ Optional feature 


@ Maximum of 256 queued I/O processes per ITL combination, 
each with unique tag. 


@ Tags are assigned by the initiator. 
@ Tags must be unique for each ITL combination. 


@ When queue is full, QUEUE FULL status is returned to tagged I/O 
processes and BUSY to untagged ones. 


@ When queued I/O processes are pending, commands without 
Disconnect Privilege result in BUSY status. 


@ SCSI-2 did not permit mixing Tagged and untagged commands. In 
SCSI-3, one untagged command may be sent to a device with tagged 
commands pending. The untagged command is given the SIMPLE 
attribute. 


a5 yeoman mre ct ASAIO SSS ESA PSS SPS YS ah fg SNOPES VSN SSS SS SSS SS SS TSS A A TS ET CS OTD 
werent reesenepmnarenesenesetamreccores manee wanapreqenauensea Mi cums eumnquemnnenaenanedmmenseneeenanunnane attsnutetnatenanaeas se-atemteeramean-—esew htt br atupwene-eseeretarenssdenenttttas sear aenubane utehebeenstedentintartint et stains hen <gunamnasnystesrahseenesenie-oupssnaeeuArsterssannbeensnrentie-a.swttsahernireyensshstertepsbeemamapeisanoussanjensonheutestyrseseaanmmmabannasntanaswat suas teeuarenjasiraantat Sth qsens.stt shen? AAP ot ehSSenESTErPrTstnttn tt St SASTRY MES MORNE, 
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Bus Device Reset OCh 
Clear Queve OEh 
Abort O6h 
Abort Tag ODh 


Terminate I/O Process 11h 


Knowledge Tek 


Task Management Messages 


Clear All |/O Processes from All Initiators 
Perform Reset Function 
Report Unit Attention 


Clear All I/O Processes from All Initiators 
Report Unit Attention 


Clear All |/O Processes from this Initiator 
No Sense Data 


Clear Current I/O Process from this Initiator 
No Sense Data 


Finish Command if possible 

Return COMMAND TERMINATED status 
Prepare Sense Data 

(Sense Key = Aborted Command) 
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Asynchronous Event Notification (SCSI-2) 
Asynchronous Event Reporting (SCSI-3) 


Bus 
Free A.E.N. 


Processor 
Device 


Normal 


Processor 
Device 


Peripheral Peripheral 
Device Device | 


Ssaenoeteetnieseeemienimamndateeneaemeenatenemmneamenannrnsasoneesesteniianamemehemaanemecteninntnennennmnenennaertunmereanantemcaauseeetameeecas erase nenenaranameecere™™cenameecact neccae aes camese nero mE nn near nne memento a ne al ete 
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Asynchronous Event Notification 


(Continued) 


@ Optional Feature, Currently Not widely Supported 


@ Used for Reporting: 
“» device initialization completed 
“* unit attention 
“* errors 

@ Starts From Bus Free 


@ Target Becomes Initiator and Executes a "SEND" Processor Command 
with AEN Bit Set. Sense Data is Transferred During Data Phase. 


@ Reported to LUN 0 of Processor Devices that Support AEN 


@ After every reset, Peripheral Device must Scan the Bus, using Inquiry, 
to Find Processor Devices that Support AEN. 


A oer REIT A SP TSS EO OS PF TPE SPE PS EPA ECS SP i TL 7g EPI A SE PD ISAS ASAE ASAE 2ST ATTESTED I IT a ST a PTC I ST LD TED 
nr pe re anaes ene  haeasnbastiaiaaraatonntttinesatetouasunatacoatmaieseenivecnsnat ptaieeuranseiettansinintrnnsensenineiiesnsnnsteieunieaanrunyniensonetere! SenrumashecinetterebinbentiretinbeniropigammnevOje wacimineat tice 
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SCSI-3 Specifics 


er atte aerate mehliecemaaesinssiit anne aed Mme apni tne etree Stine ornare fens eorreeycnaes nb wrest prteecpns anes srao mtr peer rch un teary rtp ease fuse nvr ech arnt preaches wp Tsenetaeagenememnenmetetiomepmemnanentiedlenanentenenennentttiemeemmmmntentstemmnnmtammmntioeneemetannh 
erirecatemareiniearemaranmann ppanoemunrntrapunnaeyrienres epee toh 


Knowledge Tek 


What Is SCSI-3 


@ itis an architecture 
@ \Itis a set of standards 
@ itis any of 4 different I/O interfaces 


© 


\/ 
° 


Parallel Bus 

Fibre Channel (FC) 

Serial Storage Architecture (SSA) 

Serial Bus (also known as IEEE-1394 or Firewire) 


.) 


7 
° 


®, 
*° 


/ 
“e 


LT TITTLE i EE ETE ER NTT AE A eS SST PP PS ths Sp Ps SS iF SFOS SP A TE ES aT 
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SCSI-3 Documentation 
| SCSI-3 Architecture Model (SAM) | 


SCSI-3 SCSI-3 SCSI-3 SCSI-3 SCSI-3 
Block Stream Graphic Changer Controller Multimedia 
Commands Commands Commands Commands Commands Commands 
(MMC) 


(SBC) (SSC) , aré (SGC) (SMC) (SCC) 


SCSI-3 Primary Commands (SPC) 


Commands 


SCSI-3 SCSI-3 SCSI-3 SCSI-3 
Interlocked Fibre Channel Serial Bus SSA Protocol 
Protocol Protocol Protocol (SBP) (2 documents) 
(SIP) (FCP) (S2P, S3P) 


SCSI-3 SCSI-3 
IEEE-1394 SSA Physical 
High (4 documents) 

Performance (SSA-PH1, SSA-PH2, 

Serial Bus SSA-TL1, SSA-TL2) 


interconnects 


SCSI-3 
Parallel 
Interface 
(SPI) 


SCSI-3 
Fibre Channel 


(FC-PH) 
(FC-AL) 


sameeren teem marae mites mania unbeaten deme eemiemeiemmemmenen ameibthinatemietinnenmemmnnns a eitmmemenmimanntnahemermenninanemmmenmmmremesams cemaammammnaanedameensecammne ems onamemmuaa nneineaseetaramnmanemren-aigasemanrerarecteacenege ae saaren tam cnameonalaaateanestnasnaneetanennemeeaaial amanamenaemamnammemeatean cnamealenreieenee cain a ceeinee emenceete naam gerade ecietenero ganas aimanen neeeeter ansemea nie ietiah 
SL LT LC, A Ce CT EC ACC NCCT COON Tt LEO CICA AATEC at HR AOA CESSES ETA U ti eantetsseneS wees enrmntet: nansenaremabueneaeeenntatbinenintsuasassoeeamnelbnenessnntueanbennntetnsase eins fwenae eushetempapaneqsinineannisesinten eginnsoesennianannmanttiennateneabaineus unasranctineaiasenanse\semetaninnsenmnsinistnaseerranienepaieerumentahteniwiiganrantsttinrinteattenty | SStANTuRtnRinet SinestOvInGenthsseUGtlsit: AOA 
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SCSI-3 Distributed Service Model 


-_ t 
Initiator I/O System Target I/O System rc 
SCSI-3 Application 1 
Layer i 
SCSI-3 SCSI-3 Application SCSI-3 SAM & : 
Application Protocol Application Commands : 
Protocol Service Interfa : 

: SCSI-3 Protocol 
SCSI-3 Layer SCSI-3 SCSI-3 " 
Protocol Se Rees Protocol Protocol : 
Services Seal rreteco! Services Standard : 
Physical Interconnect ‘ 

| Service Interface 
Physical Physical Physical : 
Interconnect Phy sala aa Interconnect § Interconnect " 
Services Z Services Standard ( 
Physical Interconnect ; 

—-_—_______--_____»> 
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SCSI-3 Object Hierarchy 


Service 


enen Delivery 
Subsystem 
Target sufi Interconnect 
Port Subsystem 
Task Logical Application 
Manager Unit Client 
Device Task Set 
Server (Queue) 
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A Formal Model of Command 
Execution 


@ Service Response = Execute Command (Task Address, CDB, [Task 
Attribute], [Data-Out Buffer], [Command Byte Count], [Autosense Request], 
[Data-In Buffer], [Sense Data], Status) 


Device 
Server 


* SRM Ee 


Application | 
Client : 


SCSI 
Command 
Received 


Command Send 
Complete Command 
Received Complete 


Send 
SCSI 
Command 


Lower Level Physical 
and Protocol Services ; 


ete 


sag. woe ee ieee a ene pre ru, AES OR OT ay iB y wEmearE tm ce are Speaks wets ancy: Te <r 
i RAE NE LEBEN LOY ORE RTE RENNES CERT REE. OO RBCS APCERE Tu RAE ACE SORE ON TERY RR MRR GPR REE OR, Neh RU RROD ie USERRA OR CRIN SER OpUIRS HER BSS IREAE cat SICH Eee Eee ROPE 8 


Te eimntenT enema ate antigmnmmeaieneenetetenieenaeeneemasennTorefoemrimeetiaeeneste teeter een ae en TO TT cee rtrceanteieenaosicmmnneshnenmeateteanettmmcssthsanetmenanemmnemenminine: aaeanednanastenesemnaendenanenenenteeneeneenaremeiensanernnnr anmeenrERrrEn amas = 
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An Informal Model of Command 


: Execution 
Initiator be 
Application oe 
‘ata Manager 
VOR t . ! 
eques ee 
_ Task 
Device 
. Set 
Driver 
Create 
Application 
Client 
4 Device Server Request| _,( 
ale | Server 


Device Server Respdnse 


Arserrenetesiebeieteuutanmammnretionsaa rue neti eraentinatitetant-tuntriestenerpirecteincrbrsinansstiebiriusanatitn’ Mewinss-bmanintsuanesenraneennenterenhinrtanineeibaniateninietinanseniinernrabbinstiihttinidtinninitbnniiesiiahinriunseasinsthiinnnrsienttirarnstsaissmbrueventsamninsnentsnsnitistrisenhh. siesasséninrirremittentenrwinepreis-dieepninninie-spenseranrd:ttetiounreniatyrtnieaseruanuninisd-oonreuearainnineseowesbentt sneuserentnanhttequeuncenbinttan emvaieniahtireerrerseyiiridiomeabtepeintns hepmahineurintiniinbbtatennrnrshnnitrcsniinhtinienithitintittiibesshinhiibishihintetbiohbihhihipiintiit Mobis mod 
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SCSI-3 Interlocked Protocol (SIP) 


@ Runs only on SCSI-3 Parallel Interface (SPI). 


Interlocked means each action is verified by a corresponding 
reaction by another device. CHRD stnee) 


o 


Physically interlocked at byte level. 
Cable length sensitive. 
Half-duplex operation. 


¢*¢ ¢ ¢ 


Five new messages currently defined. 


Ye 


% 


Logical Unit Reset 
Target Transfer Disable 
Continue Task 

ACA Tag 

Clear ACA 


S 


*% 


> 


% 


o 
oe 


}, 
“ 


SERIA SACRE AENEID AMET enero i tno walhentntARGathcAeMiCNRR Ero SEAS SARGENT SSPE EAP EE MCAT ScENGAC 
aaemonerer smemeresere sanemeanneengneaniansinneearentranm ssmamanseensmsninmsacensnteetniasstmemsnpenioueannsescenseraseueteeneesnnusntnaussetnaanhstermteenanteennunstin scenteenentteieas evan nenatnananaenetneienidinnivhetndeenaien/qeunbounenesenmabterihnetnt :mesiunttiriri afta aes ember Suen —ttESARNT ATMO CEE Attn ENNOORSND SEEM Neh OATOY 
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Changes to Standard INQUIRY 
Data (SCSI-3) 


Bit 7 | 3 1 
oe 78 

(Peripheral Davies Type) 
(Device-Type Modifier) 
| aerc | trmtsk | NO |(Reserved) (Response Data Format) 


(Additional Length) 


© 


(Reserved) 


Multi | | 
(Reserved) PORT MChngr Reserved to SIP 
(RelAdr) Reserved to SIP (Linked) | ARsvS/P (cmacue)| RsvSIP 


Note: Fields in() above are unchanged from SCSI-2. Bytes 8-95 are unchanged 
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Changes to Standard INQUIRY 
Data (SCSI-3) (Continued) 


AERC Equivalent to SCSI-2 AEN bit 

TrmTsk Equivalent to SCSI-2 TrmlOP bit 

NormACA Device supports the NACA bit in the Control Byte of the 
CDB 

Multiport Identifies this target as a Multi-port device 


MChngr The addressed Logical Unit is attached to a medium 
changer. Only valid if RMB bit = 1. 


SED SPA AR AE RSE Sr SSP Ay A SA A OS 7 PS SSCS Cy PAS AS PERS tS TOES 2 TT TS TT I aE 
eeermmaeaed otinatesimainiaritiniditreminineneninin it ieiseeatitneeet ret meine MOhinhth in ee prtneene—enrTeNtRA -tetineetagraniteette Senate —ohte! ryQerK Pie Rune JHA Aree RTE A tenet renee rpms Arn ARE Pern AN psn ener aeersinennne SRST Go tenetonermpaprierrsnstenesnsedyeresrreenranegnsmmeniuineearnpeinaehinnumnnmtlr thee tern /nen ts ERE G/T Kehtrtterenit hn CUA ReASO ARRAN PARE ent ae 
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SIP-Specific INQUIRY Data (SCSI-3) 


Bit 
a 


Standard INQUIRY data | REGO | Adare Addr16 


StdINQ |(Wbus32)|(Wbus16)} (Sync) | StdINQ StdINQ | (SftRe) 


Note: Fields IN ( ) are unchanged from SCSI-2 


ACKQREQQ Device supports Req/Ack in a Q cable (for 4 byte transfers) 


Addr32 Device supports 32 SCSI address bits 

Addr16 Device supports 16 SCSI address bits (if both are Addr32 and 
| Addr16 = 0, the device supports only 8 address bits) 

TranDis Device supports TARGET TRANSFER DISABLE and 


CONTINUE I/O PROCESS messages. 


ecparennnstiasnneenecsontitenee: aneinendl 


Page 6-11 


5/14/96 -SNB/Rev B 


Knowledge Tek 


This page is intentionally left blank. 


EPC ee RISA 2 PEE SC TAA SA PEED REET A EAE PRE-TEEN SE Sl SS SET oS SE OS SYS EEA A TPA TASTE ETT A TE STEVES EN STAT 


KnowledgeTek | Page 6-12 


5/14/96 -SNB/Rev 8 


XOR Commands 
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SCSI-3 XOR Commands 
(Proposed) Highlights 


@ Allows a RAID 5 array to be implemented without a separate XOR 
engine in the array controller. 


@ Target application is a disk array with hardware RAID performance and 
NO special RAID hardware cost. Well suited to FC—AL and SSA disk 
configurations. 


@ Requires that each drive in the array have an XOR capability. 
@ Six new commands and two mode pages defined. 


ATO Te FT 
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SCSI-3 XOR Commands (Proposed) 


XDWRITE Write new data to the disk. In addition, exclusive-or the 

(16 byte CDB) old data with the new and (optionally) transfer the XOR’s 
data to another target. 

XDWRITE Write new data to the disk. In addition, exclusive - or the 

(10 byte CDB) old data with the new and save the result in the drive’s 
buffer for retrieval by the host. 


XDREAD Transfer XOR’d data from the target’s buffer to the 

(10 byte CDB) _ initiator. 

XPWRITE Read old data from the disk. Exclusive-or it with new 

(10 byte CDB) ata from the initiator, then write the XOR'd data back to 
the disk. 

REBUILD Reconstruct data on a disk by successfully reading the 


(16 byte CDB) _ related data on the other drives in the array and XOR’ing 
it with the data on the disk being rebuilt. 

REGENERATE Recreate lost data from a failed disk by reading and 

(16 byte CDB) XOR’ing the related data from the other disks in the 
array. This is normally done to satisfy a read request 
from an initiator while waiting for a REBUILD to take 
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READ-MODIFY-WRITE Function 
Multiple Interface Array 


Data Drive 


New XDWRITE 
Data 
~ XDREAD 
ew 
Data __ XPWRITE 


Page 6-16 
5/14/96 -SNB/Roev 8 


KnowledgeTek _ 


READ-MODIFY-WRITE Function 
Single Interface Array 


Data Drive 


Parity Drive 


New Parity 


TTT I, Ta TT SET DS SSeS ES PS PE SAS A SE PEI SET pn ASH ESS PE SSG EP Dp AIRMEN ASSP ENE STINE PET EC IOSD NS 
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Rebuild Function 
Single Interfacing 


ees REBUILD 


SCAM 
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SCSI Configuration Automatically 
(SCAM) 


@ InaSCAM system, device IDs are assigned dynamically following 
power-on or reset. 


@ A new bus phase, SCAM Selection, is defined. 


@ One device assumes the role of SCAM Initiator. It assigns IDs for all 
SCAM devices on the bus. 


@ New bus timings for Selection are defined. 


@ SCAM Selection uses a series of transfer cycles to isolate one device 
at a time for ID assignment. 


@ SCAM sequences are defined in the SCSI-3 Parallel Interface (SPI) 
document. 
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SCAM System Configuration 
Example 


SCAM Level 2 
Initiator 
Current ID = 6 


SCAM Level 2 
Initiator 
Current ID = 7 


SCAM Non 


SCAM SCAM 


Tolerant Target Target Target SCAM 
Assigned ID = 1 Current ID = 3 Current ID = 5 Device 
te 
High Level Timing 
= Power On | Establish 
Dominant 
| Initiator | 


| Categorize IDs | 


be essanS Begin Normal 
| SCcsl Operation 


en eA RN Ser RE ni Aer tt RT AL POT SE SS ESP SST SS SS A ER A ST SS 
AP SP re Ss SSS SESS 
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Initiating SCAM Selection 


sEL — y ——— 
BSY eee ee 
MSG ee Start 
AF inne Str 
vO a ee Cycles 
pB(6)_____—w@U MCW OH 


DB (7) —_—— : 
| A scam Start SCAM 
aa SCAM Protocol 
: : Selection Initiated 
Arbitration 


@ The signals above must all be OR-tied during SCAM Selection. All 
participating devices drive the bus. 


@ SCAM Selection phase recognized only by devices without an 
assigned ID. 
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Typical SCAM Protocol Sequence 


Initiate Assign One ID 
SCAM 
| ae 
Function Function Action Action 
Code Code Isolation Sequence Code Code | 
Sync Isolate Bit Serial ID String Assign ID to 


Isolated Device 


@ During transfer cycles, DB (4-0) contain Function Code, Action 
Code, or serial data. 


@ Serial data encoding: 
“* ID string bit = 1 if DB (1,0) = 10b 
“* ID string bit = 0 if DB (1,0) = O1b 
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SCAM Transfer Cycles 


© 


Step /|1 2 4 5 6|7 |8 


(0-4 |—<[ tach —_—*ip 
mek i 
-DB (6) s 
-DB (7) 


As rE EE Yt PTE AARP CE ETE oT a EA So SPU PP SS EG ET PSS PO SSSA Bh CCS PT APE SAE TE RIT ES APE 
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SCAM Identification String 


Table 1: Identification String 


Bit] 7 0 
Byte | 


(MSB) 
Type Code 

LSB 

(MSB) 

Vendor ID Code 

(LSB 

(MSB) 

Vendor Unique Code 


Table 2: Type Code 


A 


Ode ID Code Valid 


ID 
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Categorizing IDs With Selection Time 


Find SCAM tolerant devices (Hard IDs) 
—=a——- < 4 msec ———_ 


SEL | ee eee ere, 
poy _< Pmse6 


SCAM tolerant Devices must respond to selection in less than 1 msec. 


Assign current IDs to SCAM device 
SEL 


BSY 


SCAM device without assigned IDS must not respond to selection in less 
than 4 msec. 
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Implementation 
Considerations 
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Host Adapters 
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Host Adapters 


The basic function of a SCSI Host peaeen is to connect a 
withha_ 


Two general classes of Host Adapter products 
@ Level 1: high volume, medium performance adapters. 
Implemented in a single chips 
Common functions handled by internal sequence 
Complex or uncommon functions handled by host firmware 
Typically has 16-byte FIFO for data 
@ Level 2: High Performance Adapters. 
¢«* Internal RISC microcontroller replaces sequences 
* More functions handled by Host Adapter, less host firmware required 
“* Larger data FIFO, 64 - 256 bytes 
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Host Adapters (continued) 
A Basic Host Adapter Example 


Host Bus 
Host Interface Registers 
Configuration 
Memory Address 
Transfer Count 
Sequencer Command 
Status 


Sequencer 
SCSI Interface Registers 
Sync Offset 
Sync Period 


Target ID 
SCSI Control 


TL Sst Bus 
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Host Adapters (continued) 
A High Performance Host Adapter Example 


iT oe 1 hoe 
RAM 


External 
Memory 
Control 


Host Bus 


5) Addt’t 
| Host 

| Adapter 
} Storage 
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Target Controllers 
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Target Controller 
Disk Drive Major Units 


Read/Write 
Electronics 


Servo 
Control 


SCSI 
Controller 


Buffer 
Memory 
Microprocessor 
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SCSI Bus 


Target Controller (continued) 


Disk Drive Controller Example 


Read/Write Interface Target Mode 


Registers 


ID Fields 


To R/W 


SCSI Bus 
Electronics Bus Sequence , 


ECC 


Data FIFO 
Data FIFO 
Buffer Address 


Buffer Address and Control 
and Control | 
Buffer Interface Microprocessor Interface 


iori j Serial Port 
Priority Logic 2 
Memory Timing a — 


Timing Source To Buffer Memory To Microprocessor 
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Host Software 
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Host Software 


Layers of Function (Typical) 


Application Makes a request using file name, offset, and length 


| 


Operating 
System 


Validates request 
Translates to device and LBA 


Device Creates CDB 
Driver Handles most errors 


7 


Host Adapter Sets up host adapter registers 
Driver Handles pointers and common messages 


Host Adapter 
Hardware 
SCSI Bus 
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ne 


SCSI Bus Interface 
Transfers data to/from memory 


Host Software (Continued) 
The ASPI Interface 


@ ASPI - Advanced SCSI Programming Interface 
¢“* A standard for passing requests between Device Drivers (Peripheral 
Drivers) and Host Adapter Drivers. 
“* Benefits: 
+ An ASPI Device Driver can support peripherals attached to Host 
Adapters from different manufacturers. 


+ An ASPI Host Adapter/Host Adapter Driver can work on any system 
with ASPI Device Drivers. 
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Host Software (Continued) 
ASPI Layering 


Application |--:::-:: Application 
Operating System 
Peripheral Driver Peripheral Driver 
__(e.g., Disk) (e.g., Tape) 
~ HostAdapter |. Host Adapter 
| Driver Driver 
Host Adapter | Host Adapter 


SCSI Bus SCSI Bus 


ASPI 


— 
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The SCSI Request Block (SRB) 
The Heart of ASPI 
SRB 


ASPI Command 


Header Request Flags | Status | 


Host Adapter Number 


Target ID 

ete | HA Status | 
Data Length Target Status 
Data Pointer 

CDB Length 

Sense Length 


Body 


Command Descriptor Block 


Sense Data Buffer 
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The SCSI Request Block (SRB) 


@ ASPI Commands for Windows 3.x 


Get ASPI Support Info 

Host Adapter Inquiry 

Get Device Type 

Execute SCSI Command 
Abort Request 

* Reset Device 

@ ASPI Status for Windows 3.x 


Complete 
Command Started 
Aborted 

Error 

Invalid SRB 

ASPI Is Busy 
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Note: For full details, refer to the ASPI Specifications for your operating system. 
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